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FOREWORD
I have pleasure in presenting this Manual to those involved in Banksia production and
marketing. It is the culmination of a great deal of work by many people in industry and in the
Department of Agriculture and Food, Western Australia.
The Manual will provide new and existing growers with a wide range of information that will
help them become more profitable. It contains a large volume of new information and rich
practical knowledge provided by growers.
Growers can expect to find information on markets, economics, production, nutrition,
irrigation, pests, diseases and retaining the integrity of the cool chain.
I trust you enjoy The Banksia Production Manual and find it useful.
Terry Hill
MANAGER
HORTICULTURE PROGRAM
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INTRODUCTION
There has long been a need for a Banksia Production Manual. The benefit of such a manual
is the ability to bring together the material written and published in a range of other
publications and reports.
As far as possible the latest information has been reviewed and incorporated. Some of these
areas have a limited set of information available and are accordingly brief. We have tried to
incorporate grower information where possible to ensure that what is discussed has a
practical grounding. While regulations and information was correct at the time of publication
(April 2007), it is recommended that people using this manual consult with government
organisations mentioned to confirm that they are still current.
The Manual will give the reader access to a wide range of knowledge including that on the
origin of Banksia, markets, production, irrigation, economics, pests, diseases and supply
chain management.
While the Manual is designed as a practical, easy to read document with sufficient detail to
satisfy even the advanced grower, it should be consulted in association with other sources of
advice. The Manual will provide insights and make general suggestions for direction but the
final decisions will ultimately be those of the grower. Budgets and prices quoted are intended
as a guide only.
The Manual has been written specifically for Western Australian conditions. However,
growers of Banksia anywhere will be able to learn from the knowledge included.
The Manual is designed for those planning to grow Banksia, as well as existing growers who
want to improve production practices and profitability. The Manual will also benefit the
growers of ornamental Banksia in gardens and parks.
The Manual is dedicated to the growers and researchers who have built up the knowledge
base of the Banksia industry.
The Banksia Production Manual
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CHAPTER 1
Banksia - origins, distribution and biology
Gerry Parlevliet, Senior Development Officer,
Department of Agriculture and Food, Western Australia
Origin
Banksia is one of the few Australian native
flowers that have a large inflorescence. As
a result, in the last 20-30 years, some
species with terminal flowering character-
istics have been domesticated and culti-
vated for cut flowers.
Banksias have evolved over the last 40 to
50 million years. There are about 76
species in Australia and near islands
(George 1987).
In 1770 Joseph Banks and Daniel Solander
collected, classified and named the first
Banksia on the east coast of Australia at
Botany Bay. Some 21 years later the first
Banksias from Western Australia were
collected near Albany.
Distribution
The widest range of Banksia species (58)
occurs in the south-west of Western
Australia (George 1987) but there are 14
species restricted to the east coast and
Tasmania (George 1987). A few grow in the
tropics of northern Australia, northern
islands and parts of Papua New Guinea.
Banksias are mainly restricted to coastal
areas with reasonable rain. However, there
are several species which grow with little
rain and are drought tolerant in desert
areas. Banksia elderiana grows in the
Great Victoria Desert as well as between
Narembeen, Lake King and Peak Charles
(George 1987).
Figure 1.1  Banksia coccinea near Albany.
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Biology
This evergreen woody perennial can be a
large tree or a small prostrate shrub. New
vegetative growth has a wide range of
forms and colours compared to that of
mature leaves. Young leaves are velvety
and often brownish or yellow in colour
(Figure 1.2).
Figure 1.2  Young Banksia growth.
They mature into grey green or dark green
leaves that are often serrated and sclero-
phyllous (hard) (Figure 1.3).
Figure 1.3  Mature Banksia leaves.
The Banksia genus is part of the Protea-
ceae family which includes Grevillea,
Adenanthos, Persoonia and also the South
African Protea.
Banksias have a specialised proteoid root
system in the wild. The root system is very
branched and has large numbers of root
hairs. The large surface area of the roots
improves the efficiency of nutrient absorp-
tion in infertile soils. Under more fertile
conditions the roots may lose their proteoid
nature.
Many Banksia species have a lignotuber
which enables them to survive fire. This
part of the root contains energy reserves
that the plant can draw on to put up new
shoots. Some species resist fire damage
with a fire tolerant bark on the stem. The
rest are obligate seeders which provide the
basis for new plants after fire.
Figure 1.4  Banksia coccinea inflorescence.
The intriguing flower and nut are of interest
to the grower. The inflorescence has a
woody axis running up the centre. There
are often thousands of individual flowers
spiralling over the spike. Banksia grandis is
reported to have up to 6000 (George 1987)
while other species may have only a few
hundred individual flowers on each spike.
However, the perianth (flower tube) and
pistil (style and stigma) are coloured and
provide the display. Usually the flowers
open progressively from the base to the tip
of the spike.
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The seed ‘nut’ of Banksia develops from
the remnant bracts and the woody follicles
(seed valves) produced by the fertilised
ovary. Only a few of the thousands of
flowers produce seed.
Figure 1.6  Close-up of immature flowers on a
Banksia coccinea spike.
Figure 1.7  Banksia seed ‘nut’.
Figure 1.8  Close up of follicle.Figure 1.5  Close-up of Banksia coccinea.
The follicles house the developing seeds
and protect them from fire. Once the seed
is mature a fire will trigger the opening of
the follicle and release of the winged seed
(Figure 1.8).
Knowledge of the response of the different
Banksias to fire helps determine:
1. how pruning affects the plan;
2. how long the bush needs to be left
undisturbed to ensure a renewable and
sustainable stand.
A detailed knowledge of the species will
help determine which species are more
likely to be successfully hybridised.
References
George AS (1987) The Banksia Book.
Kangaroo Press, Sydney.
Further reading
Sedgley M (1998) Banksia: New Protea-
ceous Cut Flower Crop, Horticultural
Reviews, vol 22, pp. 1-25.
Mibus R & Sedgley M (2000) Early ligno-
tuber formation in Banksia – investigation
into the anatomy of the cotyledonary node
of two Banksia (Proteaceae) species.
Annals of Botany, vol. 86, pp. 575-587.
Banksias for cut flower production,
Farmnote, Department of Agriculture and
Food, Western Australia 23/96.
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CHAPTER 2
Banksia production in Australia
Banksia is produced in many States in
Australia including South Australia, Victoria,
New South Wales and Queensland. Most
of the commercial Banksia is grown in
Western Australia.
Western Australia
Gerry Parlevliet, Senior Development
Officer, Department of Agriculture and
Food, Western Australia
In Western Australia during 1999 more
than 120,000 Banksia plants were in pro-
duction, yielding about 1,930,000 stems of
product. This was determined during a
survey of growers of native Australian and
South African cut flowers.
There were over 32 growers recorded
working with areas of production which
ranged from 0.03 to 8.5 hectares for a total
area of 60 hectares. The majority of
growers grew less than 1 hectare, with
three growers producing in excess of
5 hectares. The growing areas are mainly
in the Great Southern, the Swan Coastal
Plain and the sandplain in the Midwest.
The bulk of the Banksia species grown are
B. baxteri, B. coccinea, B. hookeriana and
B. prionotes with a wide range of other
varieties in the ground.
In a similar survey carried out in 2004 the
species that dominated were B. baxteri,
B. coccinea, B. menziesii and
B. hookeriana.
The 2004 survey indicates grower numbers
have increased to an estimated 48, most of
whom are involved with less than 1 hectare
of production. The number of plants in
production is estimated at about 76,100.
Production is estimated at 1.3 million stems
from cultivated Banksia.
Statistical analysis places the yield range
between 1.3 million and 2.4 million. Subse-
quent discussion with larger and regional
wholesalers suggests a range of 1.3 million
to 2 million stems.
Species Estimated annual stem production 
B. baxteri 435,000 
B. coccinea 135,000 
B. hookeriana 810,000 
B. prionotes 165,000 
Other 385,000 
Total 1,930,000 
Table 2.1  Estimated annual stem
harvests of Banksia species in
Western Australia (1999 survey)
Table 2.2  Harvest time of
Banksia species in Western
Australia
Banksia species Harvest time 
B. ashbyi Jun - Dec 
B. attenuata Nov - Dec 
B. baxteri Sept - Jul 
B. brownii Mar - May 
B. burdettii Jan - Feb 
B. coccinea Apr - Nov 
B. ericifolia Apr - Sep 
B. hookeriana All year 
B. menziesii Feb - Oct 
B. occidentalis Dec - Apr 
B. prionotes Jan - Aug 
B. sceptrum Dec - Jan 
B. seminuda Apr - May 
B. speciosa Oct - Mar 
Growers produce a wide range of species
with harvest times spread over the year.
Some species are restricted to southern
areas such as B. baxteri and B. coccinea
while others, such as B. hookeriana, do
better in the northern areas.
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Banksia production in New
South Wales
Bettina Gollnow, Development Officer
(Floriculture), New South Wales
Department of Primary Industries
The main species grown in New South
Wales as a commercial cut flower is
Banksia plagiocarpa. A number of other
species are grown but usually in small
numbers or by only one or two growers. In
addition there has been a long history of
harvesting B. ericifolia from natural stands
for the domestic market, mainly for the
foliage but also for flowers and cones.
Statewide surveys in NSW in 1998 and
2001 recorded an increasing proportion of
growers growing Banksias. This may be
largely attributed to the entry of
B. plagiocarpa into cultivation.
Furthermore a wide range of Banksia
species have been grown with over 17
species trialled. After B. plagiocarpa (grown
mainly on the North Coast), the most com-
monly grown species are B. ericifolia and
B. spinulosa. Both species are being grown
in coastal and inland areas
(Table 2.3).
Species endemic to Western Australia and
even some species that occur naturally in
eastern States, such as B. marginata, have
proven difficult to grow successfully in
coastal locations where high summer
rainfall and humidity prevail. Western
Australian Banksias are recorded as being
very susceptible to root rot caused by
Phytophthora cinnamomi, whereas east
coast species are more tolerant.
Species being successfully grown in
coastal areas (North, Central and South
Coast) include B. aemula, B. ericifolia,
B. plagiocarpa and B. spinulosa. Species
endemic to Western Australia such as
B. attenuata, B. baxteri, B. burdettii,
B. coccinea, B. menziesii, B. occidentalis
and B. prionotes, appear more suited to
inland or southern areas west of the ranges
where humidity and rainfall patterns are
more similar to those in Western Australia.
To date, only a handful of inland plantations
are recorded as cultivating these species,
and favourable microclimates (with no or
minimal frost) will be the key to success.
Figure 2.1  Banksia plagiocarpa in arrangement.
Figure 2.2  Banksia plagiocarpa nut.
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Inland growers have also been cultivating
B. aemula, B. ericifolia, B. integrifolia,
B. marginata and B. spinulosa. Southern
coastal growers still have problems with
Phytophthora and waterlogging but it is
less pronounced than for plantations further
north.
For many Eastern States species the major
limitation is poor flower presentation with a
lack of terminal flowers on good straight
stems. Therefore for such species as
B. aemula, B. ericifolia and B. spinulosa,
only cutting propagated forms selected for
the cut flower market (with terminal flowers
on long straight stems) should be grown.
Plants grown from seedling are variable
and include plants with flowers on very
short stems and of limited commercial
value. Banksia robur has a smell which
many find unpleasant, making it largely
unacceptable as a cut flower. Figure 2.3  Banksia plagiocarpa nut.
Table 2.3  Banksia species under commercial production in New South Wales
* 2001 grower survey – species of Banksia in cultivation in New South Wales
Note: • To maintain grower confidentiality, postcodes have been sorted into the botanical divisions and subdivisions as
defined in Flora of New South Wales (Harden, 1990).
• NC is North Coast strip (from Lake Macquarie to the Queensland border).
• SC is South Coast (from just north of Nowra to the Victorian border).
• CWS is Central West Slopes (bordered by Gilgandra in the north, Cootamundra in the south, Cowra in the east and
Condobolin to the west, and includes the Upper Hunter).
• CT is Central Tablelands (includes the area bordered by Mudgee to the north, Crookwell to the south, Molong to the
west and the Blue Mountains to the east, and also the Southern Highlands area across to Berry).
(This information has been sourced from a number of New South Wales growers and wholesalers and their contribution is
acknowledged.)
Banksia species Number of growers Number of plants 
Geographical location of growers*  
(see area codes below) 
B. aemula 3 76 NC (2 growers), CWS 
B. attenuata 1 100 CWS 
B. baxteri 2 170 CWS, NC 
B. burdettii 1 500 CWS 
B. coccinea 4 480 CWS (3 growers), NC 
B. ericifolia 7 2315 CT (3 growers), SC (2 growers), CWS, NC 
B. ‘Giant candles’ 1 Not specified NC 
B. integrifolia 1 50 CWS 
B. marginata 2 40 CT 
B. menziesii 4 535 SC (2 growers), NC, CWS 
B. occidentalis 2 70 CWS, NC 
B. plagiocarpa 9 659 
(7 growers; 2 others gave 
no number) 
NC (8 growers), SC 
B. prionotes 2 510 CT, CWS 
B. robur 4 503 NC (3 growers), CWS 
B. serrata 1 64 NC 
B. spinulosa 5 240 CT (2 growers), SC (2 growers), CWS 
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Banksia plagiocarpa
Banksia plagiocarpa (commonly known as
Hinchinbrook Banksia) is being marketed
as the blue banksia. It has an unusual
metallic bluish grey flower. Young stems
and leaves bear numerous rusty red hairs.
Another feature is its flowering over a long
season (6 to 9 months), primarily in spring
but extending into autumn. This gives
growers a continuity of supply and a spread
of income and risk while reducing seasonal
labour variation. It does, however, mean
that larger plantings or a large number of
growers are needed to supply large
volumes at any one time, which is a
possible issue for export shipments.
Flower heads are terminal but there may be
more than one, meaning that disbudding
may be needed if single blooms are
desired. There is also the issue of by-pass
shoots extending beyond the flower head.
These should be removed when still small.
The incidence and length of by-pass shoots
seems to be related to higher local rainfall
and temperature conditions.
Figure 2.4  Young flowers of Banksia
plagiocarpa.
Growers located along the New South
Wales coast have taken an increasing
interest in B. plagiocarpa. The species
grows naturally on Hinchinbrook Island and
the Cardwell Ranges in north Queensland
(a high rainfall, high humidity environment)
and has adapted well to cultivation on the
North Coast.
This species appears to be more tolerant of
a wider range of conditions and grows in
shallow soils, drought and wind. In planta-
tions growers report that it tolerates tempo-
rary waterlogging during periods of high
rainfall, in contrast to other Banksias.
Established growers are divided as to its
frost and cold tolerance, but the soft shoot
tips are especially vulnerable to damage.
This Banksia appears most suited to pro-
duction on the North Coast, as winter
conditions further south appear too cold for
good growth. Plants are recorded as per-
forming well in selected microclimates on
the Central and South Coast. Young plants
require adequate water during establish-
ment but grow vigorously once established.
Many plants in cultivation are seedlings and
achieve good flower yields in their third
year. Growers have reported that the
species is relatively easy to propagate from
cuttings and that cutting grown plants
flower well in their second year. There are
indications that most of the New South
Wales industry is largely based on plants
raised from relatively few stock plants,
derived from seed collected several
decades ago in the species’ natural habitat.
More recently, established growers have
made their own selections (longer
straighter stems, less frequency of by-
pass, more flowers per bush, superior
flowers) from seedlings raised from these
original plants. Therefore it seems worth
returning to the natural habitat to look for
superior and different forms suitable for the
cut flower market.
Significant work needs to be done to define
optimum plant management, including
pruning techniques to maximise yield while
minimising labour intensive activities such
as disbudding.
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Current supply of this species on domestic
and export markets appears limited. How-
ever, with increasing numbers planted in
the last three years, returns to growers are
expected to fall, especially on the export
market. Market price seems to be influ-
enced by prices of Western Australian
Banksia species. Foliage and multi headed
stems could be developed as separate
products, at least on the domestic market.
Relatively small quantities of blooms have
been offered for sale on the domestic
market and have achieved relatively high
prices ($1.80 to $4.00 per stem for pre-
mium blooms) compared to other Banksia
species. These prices are not considered
sustainable. Established growers and
marketers support keeping Banksia
plagiocarpa as a niche product to maintain
current returns and allow the market to be
further developed.
Key pests and diseases include a stem
borer that affects developing flower buds,
scale insects, mealy bugs and a bud mite
that distorts new growth. Leaf distortion
and yellowing has also been observed but
the cause is yet to be defined.
Banksia production in
Queensland
Joanna Srhoj, Horticulturalist, Queensland
Department of Primary Industries and
Fisheries
Introduction
Commercial Banksia production in
Queensland centres on production of
Banksia plagiocarpa. This species is grown
in commercial numbers in both north and
south-east Queensland. Other east coast
species are grown in smaller numbers.
There are a number of growers of Western
Australian species in Queensland; how-
ever, these species have experienced
varied success under Queensland condi-
tions.  Banksia species native to Western
Australia succumb to Phytophthora
cinnamomi infection during the Queensland
wet season.
In addition to this it has proved difficult for
Queensland growers to compete with
better quality flowers produced in Western
Australia at the same time of the year. In
more recent times, growers have turned
their attention to the production and
marketing of east coast species. Results of
the 2003 Australian cut flower best bets
program (see further reading at the end of
this chapter) highlight opportunities for a
number of species to be grown in
Queensland.
Banksia plagiocarpa
The current production of this species
occurs in north Queensland (Atherton
Tablelands) and south-east Queensland.
Plant numbers for north and south-east
Queensland are estimated at 450 and 1100
plants, respectively. Australian exporters
and wholesalers have recently indicated
their interest in this species as a relatively
new and emerging export product. The
foliage may also have potential as a
domestic market product.
There has been limited research and
development carried out on this crop to
date, which means there is a critical lack of
agronomic, post-harvest, grading and
marketing information.
Further development will require invest-
ment in research and development activi-
ties by industry, including growers and
exporters/wholesalers. Larger plantings of
this species are found in New South Wales.
There is potential for north Queensland
growers to increase plantings and export
product directly from Cairns International
Airport.
Existing growers have indicated their
interest in developing higher yielding lines
to improve productivity.
It is highly likely that the current plantings
of Banksia plagiocarpa in both Queensland
and New South Wales have been derived
from one or two seed collections carried
out approximately 30 years ago (Ann
Radke, pers. comm, Yuruga Nursery). It is
thought that these seed collections were
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carried out by native plant enthusiasts
without consideration of the requirements
of the cut flower industry.
There may be a need to return to natural
stands to select seeds based on superior
flowering characteristics and yield.
In the short term, growers should evaluate
individual plants in their own plantations
and select from superior individuals to
improve the productivity of the species.
same flowering times. Four potential
Banksia species are outlined below.
Banksia aemula – Suitable for south-east
Queensland production sites, it requires
very well drained soils and can tolerate
moderate frosts.
Banksia ericifolia – Requires well drained
soils and is tolerant of light frosts. Suitable
for south-east Queensland production
sites.
Banksia robur – As this species is native
to swampy areas, it can tolerate poorly
drained soils and must be kept well
watered during dry periods. Suitable for
south-east Queensland and north
Queensland production sites with adequate
water allocation.
Banksia serrata – This species will adapt
to most soils but for best results, well
drained soils are required. Plants are frost
tolerant. Suitable for south-east
Queensland production.
Conclusion
Further research and development into the
Banksia species in this summary is
required for successful commercialisation
to occur. Of all five species, Banksia
plagiocarpa is closest to full commercialisa-
tion at this stage. Queensland native flower
growers are encouraged to steer away
from Western Australian species to avoid
some of the production problems associ-
ated with growing these in the Queensland
climate.
Before considering new varieties, and
investing in a new plantation, growers need
to firmly identify a market opportunity. This
means talking in-depth with wholesalers,
exporters and retailers about the potential
for these east coast species. It would be
wise for new growers to trial a plot of 50
plants on their own property before invest-
ing in large plant numbers. The flowers
from the trial plants can be used to test
marketing activities. It is important to note
that the production recommendations given
in this summary are very general. It is
Other potential species
A number of other east coast Banksia
species are less prone to Phytophthora
cinnamomi root rot than Western Australian
species.
The commercial production of these east
coast species is limited at present, and
prospective growers would need to evalu-
ate the market opportunity available. The
east coast Banksia species are not as
spectacular as the Western Australian
species and therefore it will be difficult for
Queensland growers to compete during the
Figure 2.5  Banksia plagiocarpa plants in flower
plants approximately 2-3 years old.
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therefore critical that each grower tests
new varieties under the unique conditions
on their own property first.
References
Harden GJ (ed) (1990) Flora of New South
Wales. Vol 1, NSW University Press,
Sydney.
Further reading
Association of Societies for Growing
Australian Plants, The Banksia Page.
Retrieved 16 October 2006 from
http://www.farrer.csu.edu.au/ASGAP/banksia.html
Gollnow B & Fishpool K (2001) ‘1998 NSW
grower survey – growers of native flowers
and South African Proteaceae.’ New South
Wales Department of Primary Industries.
Gollnow B & Gorrie B (2001) ‘2001 NSW
grower survey – growers of native flowers
and South African Proteaceae.’ New South
Wales Department of Primary Industries.
Slater AT & Carson CJ (2003) ‘Australian
cut flower best bets program.’ RIRDC
Publication 03/055, Canberra.
Wrigley JW & Fagg M (1989) ‘Banksias,
Waratahs and Grevilleas and all other
plants in the Australian Proteaceae Family.’
Collins, Sydney.
The Banksia Production Manual
2-8
The Banksia Production Manual
3-1
CHAPTER 3
Commercial flower growing - is it for you?
Gerry Parlevliet, Senior Development Officer,
Department of Agriculture and Food, Western Australia
The flower industry is an attractive one to
many people: the product is exotic and
colourful, and flowers are associated with
happy times and memories. It can also be
profitable.
The industry appeals to people keen to use
the small block that they purchased for
retirement or lifestyle changes. It also
appeals to broadscale farmers looking for a
means of diversification.
To be successful requires that you appreci-
ate the needs of the industry, the cost of
entering the industry, and the impact it will
have on you and your family.
This chapter aims to help you work through
the issues that are critical for success and
to point you to sources of information and
knowledge that will help achieve that
success. This chapter cannot give the
answers; it can only help you find them.
Investing time in preparation before starting
the enterprise will save much heartache
and financial loss. Make haste slowly.
The flower industry
In Western Australia the industry consists
of a number of sectors, namely:
• traditional exotics including roses, car-
nations, gerberas and chrysanthemums,
all of which are increasingly grown
under shade or in controlled environ-
ments;
• Australian native including Waxflower,
kangaroo paws, Banksia and Boronia,
which are mainly grown in the field with
limited numbers under cover;
• South African plants which include
proteas and Leucospermum;
• foliage including Eucalyptus species;
• dried and dyed flowers and foliage;
• pot plants for in-house and amenity use;
• support activity such as propagation,
tissue culture and seed production.
Generally, most flower products exported
from Western Australia are the Australian
natives, foliage and the South African
flowers. The bulk of traditional flowers and
pot plants are used domestically in Perth or
other parts of Australia.
What is involved in growing
flowers commercially?
In short, it takes hard physical work, long
hours and the development of good
business sense. Growing flowers, pot
plants or foliage successfully requires that
you have or can develop the following:
• good health and the ability to do hard
physical work;
• a supportive family who are willing to
take part in the enterprise;
• practical skills to improvise and repair
equipment;
• business ability;
• business and financial plan;
• marketing plan;
• management skills;
• detailed production knowledge of the
enterprise;
• detailed understanding of the harvest
and post-harvest needs of the product;
• understanding of the consumers’ and
buyers’ needs and wants;
• adequate financial reserves.
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As a producer you are likely to be involved
in some or all of the following operations or
activities:
• deciding on the enterprise you will
develop;
• selecting or buying suitable land;
• making sure there is enough water
available for long-term plans;
• developing the business plan to present
to the bank;
• developing the marketing plan for your
product;
• establishing the infrastructure, such as
irrigation, pumps, shade, glasshouse,
parking, shed, cool room;
• establishing market links with buyers,
florists, wholesalers or exporters;
• ordering planting material (and ensuring
it is of high quality and free of disease);
• preparing land, beds or pots (including
sourcing chemicals and fertiliser);
• planting the seedlings;
• managing the growing plants (water,
fertiliser, weeds, disease, insects, prun-
ing);
• preparing for harvest (including buckets,
sleeves, cartons, cooling, preserva-
tives);
• employing and training labour for
harvesting, sorting and trimming;
• attending field days;
• transportation (preferably refrigerated)
to buyers;
• evaluating feedback from buyers;
• increasing your knowledge of the
industry;
• planning for next season.
This list is not exhaustive but illustrates the
range of activity involved. Other publica-
tions will give more detail for specific prod-
ucts. The other factor to consider is the
time it will take to arrive at a saleable
product – which may be a few months for
some pot plants or seedlings or five years
for some native or foliage plants.
What to grow
This depends on a range of factors:
• your personal interests and skills;
• climate and soil on your land (this can
be under your control if you have yet to
buy land);
• what the market, consumer, wholesaler,
and exporter want to buy;
• your cost of production and transport.
The flower industry is complex. It is very
susceptible to fashion changes and always
looking for new products, so you need to
be flexible to match those changing needs.
Be prepared to change varieties quickly
and, if necessary, change types of plants
within the limitations of your infrastructure.
What to grow is also a matter of when to
grow. The best prices are often obtained
when others are not producing that particu-
lar product. For example, you may plant a
variety that is a little earlier or a little later
than others or you may grow in a location
where the plant flowers a little earlier or
later. There may be a loss of quality by
growing out of season (such as shorter
vase life) and you need to watch the
supplies of the same products from other
States or countries (for example, Banksias
from Queensland are earlier than those
from Western Australia).
Seek out information on the economics of
producing your preferred product and then
compare it to others, keeping an eye on
what is happening overseas. Some of the
publications listed in the further reading
section at the end of this chapter are
excellent sources of information to help
you make decisions.
How large should your
enterprise be?
This will always be a balance between the
capital and finance you have available, the
type of product, the labour available and
the ability to produce and sell on that
scale. It may also depend on whether you
are working with other growers to
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collectively market the product. Most
wholesalers and exporters like to deal with
larger producers to ensure consistent
supplies and quantity, but if you are dealing
with a local florist and you only want a part-
time activity, the area you plant may be a
lot smaller.
Never make the planting so big that you
cannot maintain quality at all times, from
establishment through to the wholesaler or
florist.
On the other hand, there are growers of
Banksia who grow many hectares of prod-
uct, often carrying out maintenance such
as pruning mechanically. These plantings
may be on a more extensive basis with
lower yield per hectare, but the increased
volume compensates for this.
Other growers consider that a reasonable
income can be made from 5 hectares as a
family business.
What consumers want
Consumers generally want value for
money, colour, freshness, freedom from
disease and long vase or pot life. They are
always after new types, so uniqueness is
also important.
Some of these considerations are under
the control of the grower - variety
determines colour, form and vase life;
management determines disease status;
and post-harvest treatment determines
freshness and vase life.
Marketing is about location, location,
location - flowers are about quality, quality,
quality. Quality does not necessarily mean
top quality but it can mean consistent,
reliable quality.
Quality starts with the following practices:
• making sure the plants are clean and
healthy when you order them;
• controlling disease, insects and nutrients
to maintain the quality during production;
• ensuring good yields, long stems and
vibrant colours;
• timing the picking by considering the
product’s freshness and appearance at
the market (for example, do you pick in
20 per cent bud or full bloom?);
• controlling post-harvest temperature and
pulsing with appropriate material to
ensure freshness and vase life in the
consumer’s home.
Quality also extends to presentation. Every
bunch should look good at all times (so you
should consider aspects such as sleeves
and labelling for variety). Quality also
extends to service (which includes consis-
tency of supply, documentation, and
addressing complaints).
Develop a quality assurance program for
your enterprise. This will benefit from being
audited by a third party. ISO 9002 or SQF
2000 are two options. There are costs
involved, but your product will often have
better access to markets.
Where to grow
If you own land this may already be
decided, but if you are buying land then
you can focus on those aspects that are
important. These may include:
• climatic conditions;
• proximity to market - flowers are perish-
able so the further you transport them,
the higher the cost and the higher is the
risk of reduced quality;
• nearby social and commercial facilities
nearby (schools, hospitals, shopping,
rural suppliers) which are important if
you are employing labour;
• sources of casual or permanent labour -
being near a town may be useful if you
are planning a larger operation;
• soil type, which influences the type of
plants that can be grown and how well
they grow. Soil pH can be particularly
important. Light soils are better for
Banksias; heavier soils may be better for
Boronia and kangaroo paws;
• the history of the block, which can
influence what you can do (for example,
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chemical residues, disease and weed
burdens on the block). Soils infected
with Phytophthora (jarrah dieback) may
cause problems with many native plants.
Regulations and licences
Although you do not need a licence to grow
flowers, you do need a range of approvals
and licences for some parts of the opera-
tion.
Growers of native flora require a
Commercial Producer’s Licence or a
Nurseryman’s Licence to sell the product.
These are available from the Department of
Environment and Conservation (DEC –
formerly known as CALM).
A reliable, good quality water source is
critical to the flower enterprise. If you need
to get water from bores then you may need
an allocation from the Department of
Water. In some areas this may require an
environmental assessment to ensure there
are no impacts from the flower enterprise
on the local rivers, wetlands, groundwater
and biodiversity.
Many shires require a development appli-
cation before the flower enterprise can be
started. Obtain these approvals before you
commit to buying land or investing
additional capital.
If the block is currently covered in bush and
you wish to clear it for the enterprise, make
sure you have approval to do so. There is a
requirement to notify the Native Vegetation
and Wetlands section of the Department of
Environment and Conservation of your
intention to clear, a minimum of 90 days
before doing so. The Department may
object. Ensure you have this approval
before buying new blocks.
From time to time growers may also wish to
harvest flowers and foliage from their
remnant vegetation or Crown land to
supplement supply. The plants here are
protected and a Commercial Purposes
Licence is required from the Department of
Environment and Conservation.
What are some of the
production considerations?
To obtain high yields and good quality
flowers, nutrients and irrigation need to be
applied, and diseases and insects control-
led.
Where chemicals are applied, you must
use them in accordance with the label
instructions. All appropriate safety precau-
tions and container disposal instructions
should be followed.
Some chemicals are not registered for use
on flowers. These cannot be used without
obtaining a Special Minor Use Permit from
the Australian Pesticides and Veterinary
Medicine Authority (APVMA, formerly the
National Registrations Authority).
Telephone (02) 6272 5852, or e-mail
RCS@apvma.gov.au
Plants and soil should be tested for nutrient
requirements to ensure that too much is not
applied. Similarly, irrigation should be
monitored by using tensiometers and
moisture probes to prevent over-watering.
Putting on too much water is wasteful and
costly, leads to increased leaching of
fertilisers and can cause waterlogging in
the root profile. On the other hand, too little
water can restrict growth and quality. Tensi-
ometers are a very useful and cheap
investment.
Will you make any money?
It is possible to make money in the flori-
culture industry. You need to follow the
steps suggested here to ensure you get an
adequate return on your investment.
Capital cost for land, sheds, irrigation and
plants is high. Labour costs are also high.
The industry is subject to fluctuating prices
depending on supply and demand.
The prices florists or retailers charge for a
bunch of flowers does not reflect what the
grower gets, so you should count on get-
ting no more than 30 to 40 per cent of retail
price.
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Conclusion
This chapter is designed to help you work
your way through deciding whether and
how to enter the industry. There are many
good publications available to help you find
the answers. There are also many Internet
sites to explore. Only a few are listed here
but the Queensland publication Should I
grow wildflowers? has many more.
Organisations
Flower Growers of WA (FGWA) is the
peak industry body in Western Australia.
This organisation, through its members,
can give you access to all parts of the
industry. Contact the Department of
Agriculture and Food, Western Australia to
obtain current contact details.
Nursery and Garden Industry of WA –
(NGIWA), 2 Somersby Rd, Welshpool, WA,
6106. Telephone (08) 9358 4811; e-mail
reception@ngiwa.com.au or visit
www.ngia.com.au
This organisation conducts many training
events for the nursery industry. Two
Industry Development Officers are
employed, one to help the production
nursery industry and the other for the
garden centre industry.
Flower buyers
Buyers are mainly florists, wholesalers and
exporters. Their contact details are obtain-
able from the Yellow Pages directory.
Further reading
Carson C, Beal P, Young K, Turnbull L,
Forsberg L, McMah A, Sullivan G & Doull S
(2000) ‘Should I grow wildflowers?’
Department of Primary Industries and
Fisheries, Brisbane. (Available from
GrowSearch Australia, PO Box 327,
Cleveland, Queensland, 4163. Telephone:
(07) 3821 3784.)
Slater T, Cass A, & Tregea W (1996)
‘Wildflowers. The Beginning.’ Institute for
Horticultural Development, Agriculture
Victoria. (Available from Agriculture
Victoria, Knoxfield, Crop Health Services.
Telephone: (03) 9210 9356.)
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CHAPTER 4
Financial management of Banksia
Gerry Parlevliet, Senior Development Officer,
Department of Agriculture and Food, Western Australia
Introduction
The industry is seen by many to be a
profitable enterprise to get into. New
growers need be confident that this percep-
tion turns into reality. At the same time,
existing growers are not sure how profit-
able they are, as they have not been able
to compare their enterprise with their
neighbours or other growers of the same
flowers.
This chapter looks at these two aspects
of floriculture industry. Benchmarking is
the common technique, in many indus-
tries, to compare performance of
different enterprises. Benchmarking can
be done at different levels. It can be
done on a total enterprise basis
including costs of production, or on
production parameters such as yield
and quality or even on the economic
factors. In most programs there is one
feature in common - and that is the
confidentiality of the participants. The
participants only get to see tables
comparing randomly numbered partici-
pants. However, they are able to com-
pare strong features in the various
areas where they are weak.
New entrants into the industry also
would find these tables useful. They
would benefit from the gross margins
and development budgets as examples.
Gross margins are simple economic
calculations comparing operating costs
and returns from sales or profits; they
do not normally contain taxation or
depreciation allowances. Gross margins
are only calculated on an annual basis.
Development budgets are calculated
over the life of a crop and include
depreciation allowances in most cases.
They also allow calculation of cash flow
and peak debt over that time.
The cost of growing flowers
The cost of producing flowers consists of
the capital costs of establishing the enter-
prise, the direct costs of running the
business and the indirect costs associated
with any enterprise.
Table 4.1  Flower production costs
Capital costs Direct costs (variable) 
Indirect costs 
(overheads) 
Land and fixtures Planting materials Overheads 
The land 
Dams and bores 
Fencing 
Seeds 
Cuttings 
Rates 
Taxes 
Phones accounts 
Accountancy fees 
Soil testing 
Promotion 
Delivery 
Structures Chemicals  
Greenhouses 
Shade houses 
Packing sheds 
Chemical sheds 
Cool rooms 
Fungicides 
Insecticides 
Fumigants 
Disinfectants 
 
Machinery/vehicles Fertiliser  
Tractors 
Rotary hoe 
Grader 
Trailer 
Bunch tying machine 
Delivery van 
Trace 
elements 
Lime 
Liquid fertiliser 
Bulk fertiliser 
 
Equipment Labour  
Spray equipment 
Irrigation systems 
Drainage parts 
Water disinfestation 
equipment 
Disc plough 
Fertiliser spreader 
Fertigation unit 
At planting 
At harvest 
Post-harvest 
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Capital costs
Capital costs include land and water, struc-
tures (buildings, sheds and equivalent),
machinery, and vehicles such as tractors as
well as equipment such as graders and
ploughs.
Direct costs
These are costs directly associated with the
production of the crop. These costs are
generally in direct proportion to the amount
of crop grown. This, however, may be
different if you have full time staff you wish
to keep on.
These costs are generally the ones used in
calculating gross margins.
Indirect costs
These are costs associated with running
the business and are not dependent on the
area of crop grown.
Environmental costs
It is not usual for growers to cost environ-
mental impacts into their production costs.
However, this will be applicable when
growers begin to market under Ecolabels.
In this case, managing the environmental
consequences of production will incur cost.
Social cost
Social costs may include the impact of
changing your enterprise on your family or
your leisure activities (or lack thereof) and
could also include the impact of reducing
changing production area on the career of
family members.
Natural resource cost
The natural resource cost in the flower
industry may refer to the loss of biodiversity
or nutrient loss from bush picked harvest
areas.
Income
Business income is directly related to the
quantity, quality and price received for
product, less the charges from selling
agents and transport. In the flower industry
this is calculated on a per stem basis or
whole enterprise basis.
The gross margin is generally the net of
income minus the direct costs. Business
profitability is based on the total income
minus the total costs including taxation.
Budgeting for a new or
extended Banksia enterprise -
the development budget
Development budgets allow managers to
determine the likely profitability of a pro-
posed enterprise and to help determine the
peak cash flow needs of the enterprise.
These budgets allow for the costing of
land, machinery, land clearing and develop-
ment, establishment of irrigation systems
and sheds, planting and management
costs, as well as the progressive increase
in yields in the first few years and also a
decline in later years. The middle years
may be considered a typical year-in year-
out (when an average situation exists) cost
structure, closely aligned to a gross margin
budget.
The development budget may also involve
doing a sensitivity analysis on inputs, to
determine risk.
Published development budgets such as
this one should only ever be used as a
guide. Each property and enterprise is
different and the development budget can
accordingly vary markedly to reflect this.
ALWAYS discuss budgets with your
financial consultant.
The scale of the enterprise can also have a
significant impact on cash flow. A 1 hectare
Banksia enterprise cannot hope to cover
the cost of a fully equipped packing shed,
etc., whereas a 20 hectare enterprise can
certainly cover such costs – however, the
volume produced may impact on prices
received on specific markets if the varieties
are all the same.
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You may also face major labour problems if
all product is available in only a short
picking season. Management also
becomes more difficult and you may need
to rely on splitting your crop into
manageable modules - this may allow
better management and logistics. Matching
scale with shed capacity, trucks, labour and
water supply are all considerations that
need to be explored.
The table below works on the assumption
that a 10 hectare enterprise is viable and
makes a reasonable module or unit. All
data are examples only and need to be
verified in your particular situation.
Year 5 (2009) can be considered a gross
margin or steady state situation. Year 6
(2010) is the break even year when cash
flow is positive.
Table 4.3 Example gross margin budget for
Banksia production
Income Gross margin 
Total area (hectare) 10 
Average stem per hectare 40,000 
Total production 400,000 
Average price per stem $0.38 
Grade 1 
Grade 2 
Dry 3 
$0.50 
$0.40 
$0.25 
20% 
50% 
30% 
$40,000 
$80,000 
$30,000 
Total income $150,000 
Costs of production  
Land preparation $2,000 
Replacement plants 10% $3,000 
Pruning $2,000 
Weed control $4,000 
Disease control $6,000 
Insect control $1,000 
Tissue/soil test $600 
Fertiliser $6,000 
Irrigation/fuel $10,000 
Harvest/post-harvest $60,000 
Miscellaneous $8,000 
Total cost $102,600 
Gross margin $47,400 
Gross margin per hectare $4,740 
Note: This gross margin example is included as a guide 
only. Individual growers will need to discuss this with their 
financial advisers or accountants. 
Example gross margin budget for
Banksia
Benchmarking allows comparison of your
enterprise with others or comparison of one
variety with another on any one property. It
is a tool commonly used in businesses in
many industries. The sort of information
obtained can be transformed into numbers,
such as the following for Banksia
(assuming 1200 plants per hectare):
Gross margin per stem $0.12
Labour per hectare = $6000
Labour per stem = $0.15
Cost per stem = $0.26
Income per plant = $12.50
$ income per $ labour = $2.5
Stems per plant = 33
This can give Banksia growers valuable
insight into how profitable they are in:
Interpreting the gross margin
The income section shows the area of the
enterprise, the number of stems per hec-
tare and the breakdown of the grades
achieved from the product with appropriate
prices. The total income is then calculated.
You will notice all costs are those of the
annual production cycle for the particular
crop and do not include development costs,
depreciation, indirect costs, environmental
costs and taxation. This example indicates
the grower is replanting 10 per cent of the
crop on an annual basis, either with new
varieties or to fill gaps. The costs have
been broken down into supplies and labour.
Some operations are carried out in con-
junction with others and do not incur extra
cost – that is, insect control was carried out
at the same time as disease control. It is
obvious that the flower industry is a heavy
user of labour. Mechanisation of some
parts of the production chain, particularly
on larger scale operations, can make
significant differences to profitability.
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The total costs are added up. The gross
margin is the difference between the
income and the costs. This can be
expressed as enterprise gross margin, but
is more often converted to a hectare basis
for comparison purposes.
Gross margins allow for quick comparison
of the profitability of different enterprises or
course changes to an enterprise. However,
determining the real cost of the enterprise
requires a more complex cash flow or
development budget.
Benchmarking
Benchmarking is often used in business
management. It is variously defined as an
ongoing process looking for and bringing in
best practice. If you like, a benchmark is a
measure of performance at a point in time.
New best practice is then introduced to
improve performance, and this then sets a
new benchmark. The technique can be
used for any set of performance criteria,
ranging from production to environmental
impact. This technique is often used in
agricultural industries to compare the
performance of different growers producing
the same product. This can be based on
physical production inputs, yield and cost.
The technique in itself does not improve
performance but does highlight various
aspects where improvements can be made.
To retain confidentiality, if this is being
conducted by a group, a third party often
carries out the calculations and tabulations.
There are many ways of doing bench-
marking; some systems include software
but others are carried out manually.
The growers need to provide information
on area planted, equipment running time,
labour costs at each stage, fertiliser type
(quantity and cost), pesticide type (quantity
and cost), irrigation quantities (timing,
amounts, cost of running the system),
harvesting labour cost, harvesting supplies
and cost, post-harvest labour and equip-
ment cost, packaging cost, disinfectant
quantity and cost, cool room cost, transport
cost, marketing cost, yield and grades, and
prices received.
The results are then presented in different
ways - more often than not in tables where
they can be presented graphically.
Benchmarking - the next steps?
Real farm comparisons would include more
detail and would analyse a wider range of
practices to determine which new and
better practices could be introduced.
Growers interested in becoming involved in
a benchmarking program can talk to their
consultants or contact a Floriculture
Industry Development Officer at the
Department of Agriculture and Food.
A computer program is being developed in
Queensland and it may be available
through the Queensland Department of
Primary Industries and the Flower Growers
Association of Queensland.
Commercial consultants and financial
advisers are in a good position to help
growers on individual basis. They may also
be in the position to conduct a comparison
with other clients.
The Department of Agriculture and Food
will be able to help Western Australian
commercial flower producers with informa-
tion to help perform a benchmarking com-
parison.
The benefits
The benefits of being involved in a bench-
marking activity are clear. Growers are
likely to increase their profitability, their
productivity and the quality of their product.
The use for banks
Banks normally require some indication of
gross margins but will also need cash flow
budgets.
The Banksia Production Manual
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CHAPTER 5
Commercial Banksia species and varieties
Gerry Parlevliet, Senior Development Officer and
Max Crowhurst, Senior Technical Officer,
Department of Agriculture and Food, Western Australia
For many years Banksia has been harvest-
ed by licensed pickers in bushland on both
Crown and private land. The production is
variable depending on drought, fire and
market demand. Quality is also variable,
with the bulk of the harvest ending up in the
dry flower trade which returns lower prices
to pickers.
The dominant bush-picked species are
B. hookeriana, B. coccinea, B. baxteri,
B. prionotes, B. menziesii, B. speciosa,
B. burdettii, B. attenuata and B. grandis.
In more recent years growers have planted
Banksia and are growing these under
irrigation to produce better quality with
more reliable production. The 1999 survey
in Western Australia indicated nearly
2 million stems were available for picking
from cultivated land.
Table 5.1 shows the distribution of species.
B. baxteri, B. coccinea and B. hookeriana
are the most significant contributors.
Banksia aemula
Wallum Banksia
A large robust shrub (rarely to 8 m) with
potential for commercial production in
south-east Queensland, it is native to the
coastal heaths from Sydney to Bundaberg,
generally on sandy soils.
Flower spikes are cylindrical and green in
bud and cream to yellow-green on opening,
appearing in autumn and early winter.
Flower spikes are terminal, 10 to 15 cm in
length and 8.5 cm wide.
Table 5.1 Summary of Banksia
cultivated in Western Australia
(as at January 1999).
Species/varieties Total plant numbers 
B. ashbyi 3,350 
B. attenuata 300 
B. baxteri 31,950 
B. brownie 100 
B. burdettii 3,350 
B. coccinea 14,150 
B. hookeriana 25,920 
B. menziesii 6,795 
B. occidentalis 1,350 
B. prionotes 9,150 
B. sceptrum 2,500 
B. speciosa 2,525 
B. victoriae 1,875 
Figure 5.1  Banksia aemula.
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Banksia ashbyi
Ashby’s Banksia
This species originated from the Central
West Coast of Western Australia from
Coorow to Northwest Cape. Although there
is not strong demand for this species it is a
good cut flower and does have brightly
coloured orange inflorescence. Flower
spike is 6 to 15 cm long by 6 to 8 cm in
diameter.
It flowers between April and August. The
plant grows to an unpruned height of 2 to
4 m. It can yield 30 stems per mature bush.
Banksia ashbyi regenerates from seed.
Figure 5.2  Banksia ashbyi.
Banksia attenuata
Candle Banksia
This species is found from Fitzgerald River
to Kalbarri in Western Australia. It has
mainly been bush-picked, with only a few
cultivated plants. It grows from 2 to 10 m in
height. It flowers from October to February.
There are two forms: the northern form is
mostly lignotuberous whereas the southern
form is mainly non- lignotuberous. This has
implications for pruning.
The slender cylindrical flowers are an
intense sulphur yellow are 5 to 26 cm in
length up to 5 cm in diameter.
Figure 5.3  Banksia attenuata.
Banksia baxteri
Bird’s Nest Banksia or Baxter’s Banksia
Figure 5.4  Banksia baxteri.
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This species is found on the south coast of
Western Australia between the Stirling
Ranges and Oldfield River. It can grow to 3
to 4 m if not pruned.
It flowers mainly from January to April but
can extend a month either side. The globu-
lar or dome shaped pale greenish flowers
measure 6 to 10 cm in length by 8 to 12 cm
diameter. It yields an estimated 40 stems
per mature bush. It is a good export cut
flower.
It responds well to pruning and is grown in
large numbers commercially. Banksia
baxteri regenerates from seed.
Banksia brownii
Brown’s Banksia or Feather-leaved Banksia
This species is found in the area between
Albany and the Stirling Ranges. It is a fast
growing shrub of 2 to 3 m or a tree to 6 m,
that flowers after 4 to 6 years. It grows on
shallow sand over gravel and in rocky
areas. It regenerates from seed.
Flowering from May to July, the cylindrical
spikes are a bright reddish-brown 10 to
20 cm in length and 6 to 9 cm in diameter.
Figure 5.5  Banksia brownii.
Banksia burdettii
Burdett’s Banksia
This species originated in the area between
Eneabba and Mogumber. It grows to a 4 m
shrub, and likes deep sand soils. It flowers
in 4 to 5 years.
It flowers typically from January to March
but can extend to May. The acorn shaped
flower spike is 6 to 10 cm in length and 7 to
8 cm in diameter.
It can yield more than 50 stems per plant. It
has a compact flower and is a good export
cut flower. Banksia burdettii regenerates
from seed.
Banksia coccinea
Scarlet Banksia
This species originated in the Albany area.
It grows into trees of 8 m if not pruned. It
prefers deep sand.
Flowers are a squat cylindrical shape 6 to
8 cm long by 8 to 12 cm in diameter. It has
a range of colour types - mostly red and
orange, with limited yellow flowers. It is in
strong demand as an export cut flower.
It flowers from July to November. Yield is
about 30 stems per mature plant. It flowers
well in southern areas but has trouble
flowering around Perth and areas north.
Figure 5.6  Banksia burdettii.
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The small, compact head means it packs
well into cartons. Banksia coccinea
regenerates from seed.
There are two named varieties of
B. coccinea –‘Waite Crimson’ is a dark red
mid season selection and ‘Waite Flame’ is
an orange red early season variety.
Figure 5.7  Banksia coccinea in its popular red
colour form.
Figure 5.9  Banksia coccinea in arrangement.
Banksia ericifolia
Heath-leaved Banksia or Heath Banksia
A fast growing Eastern States species, this
bushy shrub of 4 to 7 m in height occurs in
open forests, woodlands and heaths of
eastern New South Wales on well drained
soils.
Flower spikes are cylindrical and reddish-
orange in colour, although there is a form
with burgundy flowers in cultivation. Flower
spikes are up to 10 to 30 cm long and 4 to
6 cm wide. Flowering occurs in autumn and
winter. Flowers arise from junctions of
branches.
Banksia grandis
Bull Banksia or Giant Banksia
This species originates in the area between
Mt Lesueur, Cape Leeuwin, Cape Riche
and Woodanilling in Western Australia. It is
common on sand and lateritic soil.
With a 10 to 40 cm long by 7 to 9 cm wide
flower spike, it flowers from October to
January, and the time to flowering is slow.
Banksia grandis has no lignotuber but
regenerates from epicormic shoots and
also from seed.
Figure 5.8  Banksia coccinea in an orange form.
Figure 5.10  Banksia ericifolia.
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Banksia hookeriana
Hooker’s Banksia
This species originates in the Eneabba to
Arrowsmith area of Western Australia. It
grows on deep sands to a 3 m shrub if not
pruned, and flowers from April to October.
The short thick cylindrical flower changes
from a creamy white to golden orange as it
matures. It is 7 to 12 cm long by 9 to 10 cm
in diameter.
It is an excellent export cut flower that can
yield more than 50 stems per mature bush.
It regenerates from seed.
Banksia menziesii
Firewood Banksia
B. menziesii originates from areas between
the Murchison River and Pinjarra. It prefers
deep sands and can grow to a tree up to
10 m tall, but it is the shrub form that is
used for cut flowers.
Figure 5.11  Banksia grandis.
Figure 5.12  Banksia hookeriana.
Figure 5.13  Banksia hookeriana bush.
Figure 5.14  Banksia menziesii.
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While it is a good cut flower, yields are low
at around 25 stems per plant. There is a
range of colours available, from yellow to
red and flowers are 10 to 12 cm long by 7
to 8 cm wide. This species has a
lignotuber.
Figure 5.15  Colour variation between
specimens of Banksia menziesii.
Banksia occidentalis
Red Swamp Banksia
This shrub or small tree originates from the
South Coast, from Augusta to Cape Arid in
Western Australia. It grows in sand or
peaty soil, often around edges of swamps
and seepages.
It flowers mainly from December to March,
and the bright red cylindrical flowering
spike can reach 4 to 14 cm long by 6.5 to
7.5 cm in diameter. It regenerates from
seed.
Banksia plagiocarpa
Dallachy’s Banksia or Blue Banksia or
Hinchinbrook Banksia
This species is native to Hinchinbrook
Island off Cardwell in north Queensland
and on the nearby mainland (Cardwell
Ranges) on granite slopes.
The flower spikes are cylindrical and blue-
green in bud and dull yellow-green when
opened. Spikes range in length from 7 to
14 cm by 5 to 6 cm in diameter and are on
terminal stems up to 1 m in length.
The foliage may have potential as a
domestic market product.
Figure 5.16  Banksia plagiocarpa.
Banksia prionotes
Acorn Banksia
This species originates from Shark Bay to
Wagin and Newdegate in Western
Australia. It prefers deep sand.
Flowering from February to August, the
main flowering is February to May. Yields
are about 30 stems per plant. The size of
Figure 5.17  Banksia prionotes.
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the flowers restricts export trade, reaching
7 to 15 cm in length and 7 to 8 cm in
diameter. Similarities in the orange colour
of B. hookeriana result in export preference
switching to B. hookeriana when it
becomes available. Banksia occidentalis
regenerates from seed.
Banksia robur
Swamp Banksia
Figure 5.18  Banksia robur.
As this species is native to swampy areas,
it can tolerate poorly drained soils and must
be kept well watered during dry periods.
Suitable for south-east Queensland and
north Queensland production sites with
adequate water allocation.
Banksia sceptrum
Sceptre Banksia
This species originates from the Central
West Coast between Hamelin Pool and
Geraldton and inland to Mullewa. It grows
as a shrub on deep sand and regenerates
from seed.
The flowers are rich yellow to cream in
colour and the cylindrical shape reaches 12
to 20 cm in length by 8 to 12 cm in
diameter.
Banksia serrata
Saw Banksia or Old Man Banksia
An Eastern States species, B. serrata is
from 2 to 12m tall. Found from southern
Queensland to the south coast of Victoria
and as far west as the Great Dividing
Range, in open forests. There is also a
population in northern Tasmania.
Flower spikes are 12 cm in length by 10 cm
wide and cream in colour. Flowers are
terminal and appear from January to June.
An Eastern States species, it is found from
Gladstone in Queensland to southern New
South Wales, with an isolated occurrence
on Cape York Peninsula, in large colonies
under paperbarks in sandy or peaty soils in
swamps and swamp margins.
Flower spikes are cylindrical and blue-
green in bud, opening to yellow-green and
approximately 10 to 17 cm in length and 6
to 7 cm in diameter. Flowers can occur at
any time of the year but are most
commonly seen in winter or early spring.
Flowers are terminal.
Figure 5.19  Banksia serrata.
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Banksia speciosa
Showy Banksia or Ricrac Banksia
Banksia speciosa originates from Mt
Barren to Point Culver near Esperance in
Western Australia. It is a shrub that
reaches 8 m if not pruned. It prefers deep
sands and it regenerates from seed.
Flowering all year round, it peaks from
November to March. Cream to pale yellow
in colour, the flower is 12 to 15 cm in length
by 9 to 10 cm in width. The large ovoid
flower has limited export demand.
The acorn-shaped orange flower ranges in
size from 7 to 12 cm in length by 7 to 8 cm
in diameter.
Hybrids
In recent years there has been more
interest in developing new hybrids between
species. The new flower types are
beneficial in maintaining markets and for
amenity planning.
An interspecific hybrid between
B. hookeriana and B. prionotes has been
developed by M. Sedgeley and is called
‘Waite Orange’. It flowers between the
times of its parents.
Banksia victoriae
Woolly Orange Banksia
This fast growing shrub reaches 7 m if not
pruned. It grows on deep sand and flowers
January to February. It regenerates from
seed.
Figure 5.20  Banksia speciosa.
Figure 5.22  Banksia prionotes (top) and
B. menziesii (centre back) with hybrids in the
foreground.
Figure 5.21  Banksia speciosa plantation.
Figure 5.23  ‘Waite Orange’ is a B. hookeriana x
B. prionotes hybrid.
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Species Flower size (l x w - cm) 
Plant 
form 
Leaf 
length 
(cm) 
Peak 
flowering 
season (WA) 
Vigour Flower colour 
B. aemula 10-15 x 8.5 shrub/tree 3-20 Mar-May slow yellow-green 
B. ashbyi 6-15 x 6-8 shrub/tree 10-30 Apr-Aug fast bright orange 
B. attenuata 5-26 x 3.5-5 shrub/tree 4-27 Oct-Feb slow bright yellow 
B. baxteri 6-10 x 8-12 shrub 7-17 Dec-May fast lemon yellow 
B. brownii 10-20 x 6-9 shrub 7-12 May-Jul fast reddish-brown 
B. burdettii 6-10 x 7-8 shrub 10-16 Feb-Mar fast bright orange 
B. coccinea 6-8 x 8-12 shrub/tree 3-9 Jun-Nov fast red, orange, yellow 
B. ericifolia 10-30 x 4-6 shrub 1-2 Apr-Aug fast reddish-orange 
B. grandis 10-40 x 7-9 tree 10-40 Oct-Jan slow pale yellow 
B. hookeriana 7-12 x 9-10 shrub 6-16 Apr-Oct fast bright orange 
B. menziesii  10-12 x 7-8 tree/shrub 8-25 Feb-Aug slow pink to red, cream, 
chocolate, rusty brown 
B. occidentalis 4-14 x 6.5-7.5 shrub/tree 4-13 Dec-Mar fast golden with red styles 
B. plagiocarpa 7-14 x 5-6 shrub 8-20 Feb-Jul slow metallic blue (young) to 
subtle yellow (mature) 
B. prionotes 7-15 x 7-8 shrub/tree 15-27 Feb-Aug fast cream to orange 
B. robur 10-17 x 6-7 shrub 30 Feb-Apr slow yellow-green 
B. serrata 12 x 10 shrub/tree 8-22 Jan-Jun slow cream 
B. sceptrum 12-20 x 8-12 shrub 4-9 Dec-Jan Moder
ate 
yellow 
B. speciosa 12-15 x 9-10 shrub 20-45 Nov-Mar fast cream to pale yellow 
B. victoriae 7-12 x 7-8 shrub 15-30 Jan-Feb fast orange 
Note: Banksia characteristics may vary significantly with variety and selection within each species. Flowering times will also 
fluctuate between states and different locations. 
Table 5.2 Summary of common Banksia characteristics
Further reading
George AS (1987) ‘The Banksia Book.’
(Kangaroo Press, Sydney)
Sedgley M (1998) Banksia: New
Proteaceous Cut Flower Crop. Horticultural
Reviews, vol. 22, pp. 1-25.
Banksias for cut flower production.
Farmnote, Department of Agriculture and
Food, Western Australia 23/96.
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CHAPTER 6
Banksia establishment
Max Crowhurst, Senior Technical Officer and Dr Kevin Seaton, Research Officer,
Department of Agriculture and Food, Western Australia
Banksias grow well in deep, well drained,
slightly acidic sand, sometimes overlying
limestone or gravel lenses. Highly alkaline
soils are best avoided for most commer-
cially grown species. Site selection for
successful Banksia flower production is
therefore important.
The following criteria need to be addressed
before considering a Banksia production
enterprise:
• identifying suitable soil types;
• screening of site for disease prior to
planting;
• weed burden identification and control
strategies;
• planting densities and planting design;
• plant bed preparation;
• planting out;
• irrigation versus non irrigation planning.
Identifying suitable soil types
Banksias will grow on a variety of soil types
from sands to sands over clay.
Sandy soils from deep white-grey sands to
the yellow and red sands found in northern
regions of Western Australia are suitable.
Duplex soils such as sand over gravel are
also suitable. These are more common in
southern regions and care is needed to
select soils with a depth of sand at a mini-
mum of 800 mm and preferably 1 m.
Sandy loam soils are also relevant to
Banksia production and can be used pro-
vided they are free draining.
It is important to conduct a soil survey of
the proposed site. This will establish depth
and complexity of the soil. Test holes
should be dug on transects across the site.
This can be achieved by using either a soil
auger or tractor driven post-hole digger/
backhoe.
Soils with compacted layers of sand or
‘hardpans’ are to be avoided. These will be
identified during the survey process and
are usually associated with cultivated or
pasture sites, and are brought about
through continual tillage to a pre-
determined depth and/or defined vehicle
traffic. These soils if used will need deep
ripping.
Avoid land that becomes waterlogged in
winter. Most Banksia species will tolerate
the occasional inundation, however long
periods of waterlogging will adversely affect
production and shorten tree life.
Phosphorus levels (residual phosphorus)
should be tested prior to establishment.
This applies only to previously cultivated or
pasture sites. Virgin or new land sites will
not require testing. Residual levels of
phosphorus should not exceed 20 ppm.
Banksias grown in South Australia have
shown symptoms of phosphorus toxicity
when soil phosphorus levels exceed
40 ppm.
Screening of site for disease
prior to planting
It is important to establish whether the
proposed site is free from serious
diseases.
The most important disease of Banksia is
caused by the soil fungus Phytophthora
commonly known as jarrah dieback.
Dieback affects the plant root system and
crown and has the potential to kill plants at
any age. It is aggravated by poor drainage.
The Banksia Production Manual
6-2
Plants affected by dieback will die suddenly
(‘sudden death syndrome’) or become
chlorotic and grow poorly, especially at an
early stage of infection.
Details of Phytophthera and other diseases
and management strategies can be found
in Chapter 11 (Diseases of Banksia).
In certain areas a microscopic parasite of
the genus Meloidogyne, a soil borne root
knot nematode, can be prevalent. These
nematodes favour warm weather and are
most troublesome in sandy soils.
It is therefore good management practice
to screen for the presence of this parasitic
infection as well as the other pathogens
during the site selection process.
Avoid planting into infected areas. If it is
necessary to plant in these areas, ensure
soil is fumigated first. It is very difficult to
eradicate these diseases once they are
established in a plantation.
Samples should be taken from the top
10 cm of soil using a pogo stick at regular
intervals along a transect or zig-zag
(Figures 6.1 and 6.2).
Figure 6.1  Transect sampling
line.
Take composite samples from different
topographical areas within the site and
keep separate (see Figure 6.3).
Figure 6.2  Zig Zag sampling
line.
Figure 6.3 Composite soil sampling
plan for rolling landscapes.
The total weight for each composite sample
should not exceed 500 g for submission to
testing laboratories.
Water sources for irrigation purposes
should be checked for both Phytophthora
and Pythium species and management
control strategies put in place if required.
The Pathology Section of the Department
of Agriculture and Food, Western Australia
and commercial laboratories will test the
soil and water for a service fee.
Weed identification and control
strategies
Previously cultivated and pasture sites will
have a weed burden, which will need to be
brought under control prior to planting. New
land sites have the advantage of little or no
weed burden apart from perimeter
encroachment.
Weed control must start well before
planting, especially for broad-leaf weed
infestations. The same applies to sorrel,
capeweed and oxalis. Flat weeds such as
wild turnip and doublegee cannot be con-
trolled in a single year. However, their
effect on new plantings can be greatly
reduced.
Remember, no in-crop herbicide control of
broad-leaf weeds is available once the
Banksia plantation has been established.
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Weed control options available once the
crop is established are:
• careful applications of knockdown
herbicides, targeted only at the weeds;
• hand weeding around the plants, or in-
row mulching.
Perennial grass control is similar to broad-
leaf control and must be completed before
establishment (see chemical usage list for
weed control at end of chapter).
Annual grasses are the least problematic to
deal with. Stimulating the weed burden to
produce an even germination is important.
Light cultivation in the late autumn or at the
break of season will help to achieve this.
Spray germinant weeds at the two-leaf
stage with a knockdown herbicide. Annual
grass can also be controlled in-crop using
selective herbicides. Care must be exer-
cised when choosing selective herbicides
as some are phytotoxic to proteaceous root
systems (see chemical usage list for weed
control).
In-row mulching, especially in the develop-
ment stage, will reduce weed burden
around seedlings, add protection to the
developing proteaceous root system and
retain soil moisture more effectively.
Planting densities and planting
design
No research has been conducted to deter-
mine the optimum plant densities for
Banksia species. Grower experience
indicates that single rows are generally
easier to work and manage than double
rows. However, some species - such as
B. coccinea - when planted as two rows per
bed, appear to give higher production
results than those from single rows.
In-row plant spacings are determined by
the following:
• species size at maturity;
• irrigation or non irrigation production;
• mechanical harvesting versus hand
picking.
Between-row plant spacings are
determined by:
• species and size of plants at maturity;
• topography;
• vehicle access for spraying, harvesting
and pruning operations when the
Banksia stand is mature.
Note: Row spacings for the major Banksia
species are listed in Table 6.1.
Table 6.1 Planting densities of commercially grown Banksia species
Species 
Planting 
arrangement 
(number of rows) 
In-row 
spacing – 
irrigated 
(m) 
In row 
spacing – 
non irrigated 
(m) 
Between 
row 
spacing 
(m) 
Plants per 
hectare 
B. ashbyi 2 (double) 2 3 5 667-1000 
B. baxteri 1 (single) 3 4 5-7 357-667 
B. burdettii 2 (double) 2 2 5 1000 
B. coccinea 2 (double) 1-2 2 5 1000-1250 
B. hookeriana 1 (single) 3 4 5-7 357-667 
B. menziesii 1 (single) 3 4 5 500-667 
B. prionotes 2 (double) 2-3 3 5-7 476-1000 
B. speciosa 1 (single) 3 4 5-7 357-667 
The Banksia Production Manual
6-4
When planted in double rows, plant in a
staggered pattern (see Figure 6.4).
Mechanical pruning and harvesting aims to
promote hedgerows. For this reason in-row
plantings can be more closely spaced for
all selections.
Where double row spacings are used,
stagger the plants along the rows so
individual bushes are not planted side by
side.
Figure 6.4  Established hedgerow double row
planting of Banksia baxteri.
Plant bed preparation
Preparing the plant bed is the next impor-
tant management phase after weed control.
The following points need to be addressed:
• cultivation of the plant beds;
• non cultivation of inter rows;
• deep ripping requirements;
• mounding;
• mulching;
• windbreaks.
Cultivation of planting beds
Peg out the site. If there is a requirement to
deep rip the rows, do this before cultivating.
Before any cultivation is attempted, make
sure sufficient moisture is present to pre-
vent wind erosion.
It is important to have a well cultivated plant
bed where plastic film is to be laid. This will
enable the plastic layer attachment to
tension the film correctly and eliminate the
humps and hollows which develop as a
result of inadequate cultivation. If possible,
cultivate the plant beds with a rotary hoe.
Non cultivation of inter rows
Apart from the stimulus for weed control, it
is important not to cultivate the inter rows
prior to planting out. This diminishes the
risk of sand blasting and wind erosion as
the Banksia seedlings establish.
Deep ripping requirements
This is essential where sub soil is
compacted. Even sandy soils can be
compacted. Deep rip to at least 600 mm
below the surface and up to 800 mm if
possible.
Deep rip new land sites. This will aid in
removal of root mass material and dislodge
any stones from the plant bed. Remove all
debris from the site before planting. Mound
the planting bed where there is an issue
with surface drainage.
Mounding can also benefit the reduction of
water borne pathogens colonising root
systems, namely Phytophthora and
Pythium.
The plant bed is above the natural sub-
surface water flow. Irrigation water also
drains more effectively from the root
system. In this scenario the mound acts as
a flushing and filtering system. This is
helpful in the plant’s establishment phase.
Mounding should not be employed on non
irrigated sites as the plant beds will not
retain moisture as effectively. Establishing
root systems will have greater vulnerability
to moisture stress than from non mounded
beds.
Type of mulch and its benefit
Two forms of mulches can be considered -
organic and non-organic coverings.
Organic mulches can be either well com-
posted woodchips or coarse sawdust, weed
free straw or cereal stubble.
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Organic mulches can allow beneficial soil
organisms to build up. Some documentary
evidence suggests Phytophthora colonisa-
tion around host root systems is greatly
reduced through the development of
antagonistic microbial activity under
decomposing straw.
It is important not to use Banksia prunings
as mulch in your Banksia plantation as they
can increase the risk of attack by pests and
diseases of Banksia.
Non-organic mulches consist of either a
plastic film of varying micron thicknesses,
or a woven plastic fabric known as
Weedmat. The latter is more expensive but
lasts three to four times as long as the film.
Quality may vary between brands.
The plastic film is usually associated with
row mounding and/or deep ripping as it can
be applied as a one pass operation during
the mounding process.
There are a couple of negatives to using
plastic film.
Firstly, the film becomes an environmental
hazard when it begins to break down after
a period of time. It will eventually require
removal and disposal.
Secondly, some winter irrigation may also
be necessary as the plastic will shed some
of the rainfall away from the row plantings.
However, the advantage of using film lies
with ease of management and application.
Planting out
Irrigation system and mulching should be in
place before planting out. The planting bed
should also be thoroughly wetted.
Banksia seedlings should be planted from
late April to early May, or well before the
winter period impacts on soil temperature
(less than 15°C). Alternatively, seedlings
could be planted in mid spring, coinciding
with increasing soil temperatures.
Where delays in autumn planting occur,
seedlings held over to spring should be re-
potted into larger containers to avoid root
binding issues.
Although some Banksias are planted
without irrigation, this is risky and more
likely to fail. Plants must be planted out in
autumn or at break of season with the
surety of follow-up rains to ensure sufficient
root development before the summer dry
period.
Minimising the risk of intro-
ducing or spreading dieback
Buy disease-free plants and take basic
quarantine measures. This includes fencing
the site and using foot and vehicle baths.
Prevent soil movement from surrounding
areas into the site.
Windbreaks
These are essential for successful Banksia
establishment. If possible, establish natural
windbreaks well before seedlings are
planted.
Successful windbreaks are designed to
reduce wind speed, which in turn reduces
turbulence.
Various woven plastic materials can be
used to provide permanent wind protection.
Individual plastic tree guards or specialised
plastic sleeves can also be used. Some
management issues should be considered
when using this form of wind protection.
Close fitting sleeves or guards can harbour
weevils and complicate hand weeding. If
the guards remain in place for any length of
time, plant growth may be affected.
Often, soft spindly growth is produced. The
plants then have a tendency to fall over
when the guards are removed. Stem
twisting and poor branch development will
result, necessitating remedial pruning and
staking.
Using individual wind guards is still a good
management choice if other options are not
available. The guards are cost effective
and easy to install. However, it is important
to use them only for a short period of time,
namely in the first 8 to 12 weeks of
establishment.
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Irrigation versus non irrigation
planning
While the philosophy of this Manual is for
irrigated flower production, it is recognised
that many Banksia production systems are
effectively dry land based.
When planning an irrigation system, micro
sprinklers or trickle irrigation are the most
effective ways of watering native flower
plantations.
Professional advice in determining
pressure heads, pump specifications,
filters, pipe diameters and fittings should be
obtained from irrigation companies before
setting up the irrigation design for the
flower block.
Detailed information on irrigation in
Chapter 8 (Irrigation of Banksia).
Non irrigated blocks
Where non irrigated blocks are set up,
wider spacings between plants should be
employed. The emphasis shifts to water
harvesting and moisture retention tech-
niques.
The application of furrow plantings of
Banksia seedlings can be utilised in
marginal districts where winter rainfall is
less. This system is not suited to high
rainfall coastal districts.
The furrow system harvests rainfall and
concentrates the water around the develop-
ing seedlings. Deep ripping of plant lines is
mandatory. A shallow furrow can then be
formed over the rip line. Seedlings are then
transplanted into this furrow. Good drain-
age is necessary to eliminate the possibility
of water ponding.
This system should only be applied to old
land situations. The site should clearly be
free of any jarrah dieback and not subject
to surface water run-off from any afforested
areas.
Soil surface scalping along the rip lines,
prior to deep ripping, will help reduce weed
burden and seedling competition during
establishment.
Table 6.2  Useful pre-emergent herbicides trialled for weed control in Banksia
Active  
ingredient 
Trade 
name/s 
Chemical 
group 
Registered 
for use on 
Banksia* 
Approximate 
cost  
($/ha) 
Comments 
Carfentrazone
-ethyl 
Hammer® G Check Permit 10-15 Controls marsh mallow, 
sorrel. 
Chlorthal-
dmethyl 
Dacthal® D Registered for 
ornamentals  
700 Do NOT use on B. coccinea 
establish-ment. Does not 
control clovers or wild radish. 
Imazethapyr Spinnaker® B Check Permit 37 Controls annual rye grass, 
barley grass, doublegee, 
wireweed, wild radish. Does 
not control clovers. 
Oxadiazon Ronstar® G Yes 1740 Controls creeping oxalis, 
most grasses including winter 
grass, trefoils, clovers. 
Propyzamide Kerb® K Check Permit 50 Controls annual rye grass, 
barley grass, crab grass, 
sorrel from seed, wild 
mustard, wireweed. 
Triasulfuron Logran® B Check Permit 11 Controls annual rye grass, 
barley grass, doublegee, 
fumitory, wireweed, wild 
radish. Suppresses clovers. 
* Herbicides not registered for use on ornamentals including Banksia cannot be used unless a ‘Minor Use Permit’ is 
obtained from the Australian Pesticides and Veterinary Medicines Authority. Permits are free to primary producers. See 
website www.apvma.gov.au 
Note: Generally, Group C herbicides are not recommended for use in Banksia establishment. 
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Active  
ingredient 
Trade 
name/s 
Chemical 
group 
Registered 
for use on 
Banksia* 
Approximate 
cost  
($/ha) 
Comments 
Diclofopmethyl Hoegrass® A Check Permit 20-60 Selective grass control 
– annual ryegrass, wild 
oats. 
Fenoxaprop- ethyl Wildcat® A Check Permit 20-80 Selective grass control, 
good for brome grass, 
but not silver grass or 
winter grass. 
Fluazifop Fusilade® A Registered for 
ornamentals 
20-80 Selective grass control, 
good for brome grass, 
but not silver grass or 
winter grass. (Some 
Dryandra species show 
phytotoxic effects.) 
Haloxyfop Verdict® A Check Permit 
(vineyards, 
orchards and 
forestry) 
25-60 Good control couch and 
most grasses – brome 
grass, flat weed. 
Sethoxydim Sertin® A Check Permit 30-70 Controls a wide range 
of grasses and some 
couches. 
*Note: Constant reliance on one group of chemicals can lead to herbicide resistant weed burden build-up. Some Group B 
herbicides mentioned as pre-emergent in Table 6.2 can also be used in post-emergent applications. 
Table 6.3  Useful post-emergent herbicides suitable for grass weed control in Banksia
Table 6.4  Useful post-emergent non-selective knock-down herbicides suitable for weed control
in Banksia plantations
Active 
ingredient 
Trade 
name/s 
Chemical 
group 
Registered  
for use in Banksia 
plantations 
Approximate 
cost  
($/ha) 
Comments 
Glufosinate - 
ammonium 
Basta® N Check Permit 
(vineyards, orchards, 
pathways) 
15 Non-translocating action 
– safer to use near 
proteoid root systems. 
Do not spray directly 
onto desirable plants. 
Paraquat + 
diquat 
Sprayseed®/ 
Tryquat® 
L Registered for 
nurseries, orchards, 
pathways, ring 
weeding around 
trees with brown 
bark 
20 Non-translocating 
contact spray – no 
residual. Avoid drift onto 
desirable plants. 
Pine essence Interceptor®  Registered for 
nurseries, orchards, 
pathways 
- Organic herbicide, non-
translocating contact 
spray – no residual. 
Avoid drift onto desirable 
plants. 
Note: Group M herbicides are usually not recommended for use in close proximity spraying around Proteaceae plantations, 
where residual spray may wash onto proteoid root systems that feed close to the soil surface. Group M herbicides may be 
deployed where proteoid root systems are not present. 
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CHAPTER 7
Pruning Banksia
Max Crowhurst, Senior Technical Officer,
Department of Agriculture and Food, Western Australia
Why prune?
Pruning is an important management
practice used for cultural improvement and
productivity in horticulture.
There are a number of benefits to be
derived from pruning Banksia stands:
• improvement in yields;
• production of high quality blooms;
• extension of the commercial life of each
bush;
• improved plant structure;
• disease control;
• improved manageability and harvesting.
What do you need to know to
prune?
• That the application is based on
commonsense.
• The growth habit of each species.
• The extent of the flowering period and
initiation.
• Stem size (what to take and what to
leave behind) and stem length.
Equipment
Pruning equipment should be regularly
sharpened and adequate for the task. As
mature Banksia stands produce large
amounts of stem material each year,
thought needs to be given to the
practicalities of the pruning operation.
Robust secateurs, lopping jaws and chain-
saws may all be required in some pruning
operations. Some growers have invested in
pneumatic secateurs to ease wrist strain.
Interest has been shown, among larger
producers, in mechanical methods of
pruning in conjunction with hedgerow
harvesting. The advantages of mechanical
pruning lie in reduced labour costs and
efficiency of operation. Details of
mechanical pruning will be discussed later
in this chapter.
Hygiene
Importantly, many diseases are spread
during the pruning/harvesting process.
Aerial cankers caused by a group of fungi –
such as Botryosphaeria and
Cryptodiaporthe species – can be spread
through wound inoculation. Cutting equip-
ment should be disinfected on a regular
basis. Diseased bushes should be quaran-
tined and pruned last.
Equipment can be disinfected by either
spraying or dipping in a biocide such as
Sporekill® or sterilants such as a 1 per cent
solution of White King® (4 g/L active
ingredient) or methylated spirits and water
in a 70:30 ratio.
Note: Prunings should not be used as
mulch. They may harbour pests and
diseases. Where practical they should be
moved off-site. If disease is suspected, the
prunings should be burnt.
When to prune?
Table 7.1 is given as a guide for pruning
the major commercial selections.
As a general rule, northerly forms will
flower later in southern districts or show
poor flowering performance. Southern
species grown in the warmer northern
locations may not flower consistently or
may fail to flower in certain years.
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Table 7.1  Development stages of Banksia species
Species Floral initiation 
Flowering  
appearance 
Development 
time (months) Recommended pruning time 
B. ashbyi 
 
Nov Apr-Aug 6 
Two forms of this selection.  Northern 
form has lignotuber and can be pruned 
harder than more southern non-
lignotuber form. 
PRUNE AFTER HARVEST 
B. baxteri 
 
Sept-Nov Dec-Mar 4 
No lignotuber. There is a significant 
amount of time between completion of 
one year’s flowering and initiation of next 
season’s flowers. 
All pruning must be completed 
BY MID APRIL 
B. burdettii 
 
Oct-Dec Jan-Mar 8 
No lignotuber.  
PRUNE AFTER HARVEST 
B. coccinea 
 
Nov Jul-Nov 12 
No lignotuber.  
The following year’s flowers are initiated 
towards the end of current year’s 
flowering. 
PRUNE AT HARVEST/POST 
FLOWERING 
B. hookeriana 
 
Dec-Mar Apr-Oct 9 
No lignotuber.  
Floral initiation occurs from early 
summer.  
Flowers on two-year-old shoots. 
PRUNE AFTER HARVEST 
B. menziesii 
 
Sep-Nov Mar-Aug 8 
Has lignotuber. Can be pruned harder. 
Floral initiation from September to 
November.   
PRUNE AFTER HARVEST 
B. prionotes 
 
Oct Mar-May 6 
No lignotuber. 
PRUNE AFTER HARVEST 
 
B speciosa 
 
Sep-Oct Oct-Feb 12 
No lignotuber. 
Flowering occurs all year round.  Peak 
occurs Oct–Feb. 
PRUNE AT HARVEST/POST 
FLOWERING 
Note: Careful observation and research by the grower is required to ascertain species performance in any given location. That 
is to say, if a species is indigenous to the area in which it is cultivated, its flowering and growth performance will be similar to 
the specified data. Where the cultivated species is not indigenous, flowering times and growth patterns will differ. 
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General pruning techniques for
Banksia
These are similar to those for fruit trees and
even roses. All pruning should be based on
a commonsense approach. Framework,
structure, requirement for air movement
and light penetration within the foliage
canopy are important aims for the develop-
ment of long, healthy flowering stems. A
grower should have these principles in mind
when pruning.
It is important to remember that flowering
occurs on thick healthy stems. In irrigated
stands this can occur on 12-month-old
wood. However, on non irrigated stands,
blooms are produced on two to three-year-
old wood. The degree of pruning will there-
fore vary between the two enterprises.
The age, size and position of a stem deter-
mine the way in which it should be pruned.
Pruning cuts should be at a slightly declined
angle. This will prevent water from sitting on
or penetrating the cut surface of the
remaining stem.
The use of pruning paints, while effective, is
not practical for a commercial stand.
There are three basic categories of pruning:
• formative pruning;
• maintenance pruning;
• reclamation pruning.
Formative pruning
This important task will set the plant frame-
work in place for future production.
The majority of Banksias in cultivation are
produced from seed grown sources. Con-
siderable genetic variation occurs where
seed lines have not been closely selected.
A range of growth forms will be evident
throughout the plantation, indicating that
each plant will have an individual pruning
requirement.
Some plants will demonstrate poor growth
habits and may never be productive. These
are best replaced at an early stage in the
plantation development.
Initial pruning should occur when the plant
has attained a height of 60 to 80 cm
(Figure 7.1).
The plant should be pinched back to 50 cm
from the ground.
For most species, aim to develop a single
trunk. Cut away any side shoots, below the
50 cm pruning point, on the young stem
(Figure 7.2).
Where there are two or more main stems
growing from the base of the plant, the
dominant should be retained and the others
removed (Figure 7.3). It may be necessary
to stake the newly selected stem into a
vertical position.
Figure 7.1  Initial pruning height.
Figure 7.2  Prune to develop a single trunk.
Figure 7.3  Retain only a single dominant stem
in pruning.
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Encourage four to five shoots to develop in
an even distribution near the top of the
main stem. Inspect the pruned bushes
approximately 6 to 8 weeks after initial
pinch. Remove any weak or malformed
shoots.
Remember, this is the training phase of
plantation development. It should be
viewed as an ongoing process for the first
18 months to two years.
Remove any developing flower heads. No
bloom harvesting should be attempted in
the first two years of plantation establish-
ment. The plant’s vigour must be directed
to vegetative growth for the production of a
strong branch framework.
The aim is to develop a single trunk,
achieving four or five foundational or
framework branches on which to build the
mature production.
Figure 7.4  This three-year-old Banksia
prionotes stand is an example of good structural
development.
Generally, Banksias will produce their first
harvest in three years from clonally pro-
duced plants, or four years if grown from
seed. However, with careful management
and good irrigation, seed produced plants
may also mature to the point where bloom
harvest is also possible in year three.
Where planting has been delayed for any
reason, significant plant growth can occur
while held as tube stock. Pruning and initial
training should be carried out on the con-
tainerised plants using the same approach
as for field plantings.
Remember to pot-on the seedlings into
larger containers where delays in planting
are experienced. A 50 to 80 cm seedling
will require a minimum 140 mm pot size.
Good root development is just as important
as vegetative development.
Maintenance pruning
It is important to know the flowering time of
each species to determine correct timing of
pruning and ensure the next season’s crop
is not adversely affected.
Remember, on mature Banksia plantations,
harvesting the blooms constitutes the major
pruning operation. Additional pruning is
carried out on a needs basis soon after
completion of the flowering season.
Adhering to this procedure will avoid
impacting on the next season’s bloom
development.
Influences on flower production other than
pruning, are seasonal variations (tempera-
ture and rainfall), irrigation and nutritional
status. These will also impact on stem
length and flowering performance.
Successful flower production requires
careful management across all parameters.
When maintenance pruning is conducted, it
is important to understand which shoots are
most likely to produce commercial blooms.
Some species will only flower on second
year wood.
In some instances, irrigated stands of
B. hookeriana and B. coccinea will flower
on first year wood. On non irrigated stands,
some Banksia species will only flower on
three-year-old wood.
During maintenance pruning, the tech-
niques of thinning and heading back are
used to maintain and further develop
productivity.
Thinning
This is the process of completely removing
certain shoots or branches at their base.
Eliminating stems or branches which are
poorly developed and are crowding or
shading productive stems, will ensure a
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higher quality bloom harvest. The age of
the plant, the size and position of branches
and stems determine the way in which the
bush should be pruned.
Note for B. hookeriana growers:
excessive shading can result in problems
of stem curvature. As this is a dense
foliage species, the thinning process will
assist in reducing the incidence of stem
curving. The following images show the
variation in stem production.
Prune to encourage shoot growth develop-
ment at a 45 degree angle, or better. This
will allow better light penetration into the
plant canopy and help produce straight
stems.
Excessive irrigation during the ‘flushing’
(vegetative) growth cycle of any Banksia
species may also have a causative effect
on stem curvature deformity.
Heading back
This is the process whereby a strong
healthy shoot is partly pruned back to
induce nodal development. Extra shoots
will proliferate near the cutting wound.
Many of these will develop into flowering
stems. The remaining four to six leaves are
adequate to drive the new stem production.
Figure 7.5  Shaded stem of
B. hookeriana.
Figure 7.6  Non-shaded
stem of B. hookeriana.
The stems should not be cut back as far
where plants are not irrigated or not pruned
for several seasons. In this instance, the
leaf numbers remaining on the stem should
be from 8 to 10. These will provide enough
positions for new stem growth (Figure 7.7).
After harvesting, cut off old flowers by
using the heading back method, unless
there is a requirement for seed set. It is
good policy to allow the plants to seed
down (for those species that regenerate
from seed) as this provides a regen-
eration process in the misfortune of
fire destroying the stand.
Remove shoots which are near the
ground, damaged or thinner than a
pencil, using the thinning method.
Shoots which are more than two
years old and have not yet flowered
can be headed back provided they
are thicker than a pencil.
Note: It is
important to
leave sufficient
leaf material to
provide energy
for the next
season’s flower
production. Do
not over-prune.
Species which
have lignotubers
can be pruned
harder.
Figure 7.7  Heading back.
Figure 7.8  Extra
flowering stems pro-
duced by heading back.
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The aim always is to produce an open
framework during pruning. However,
sufficient leaf cover, besides providing
energy to drive the plant, must also be
retained to provide protection from sun-
burn.
Reclamation pruning
This is performed only where a stand has
been allowed to get away through missed
yearly prunes. The procedure will help
bring the plantation back into peak
production.
In this scenario, prune back to green
healthy wood with a thickness no greater
than 15 to 20 mm, since wood having a
greater thickness may be too mature and
regeneration will be poor. Make sure there
is sufficient green leaf material below the
pruned area to drive the new growth.
In reclamation pruning, be aware that if you
prune back too hard, leaving only old wood
and few leaves, you can kill the tree.
Plants will not produce a full crop of flowers
the year after a heavy prune. To avoid a
total loss of production, rotationally prune
the stands over a three to five-year period.
Mechanical pruning
While hand pruning is more accurate and
softer on the plant, mechanical pruning is
faster and has a lower labour requirement.
However, it is important to note that
mechanical pruning will cause the flowering
time to gradually move back. It is possible
that in every fourth or fifth season the stand
will miss a flowering. Mechanical pruning
may also produce larger numbers of
smaller shoots.
Selective hand (maintenance) pruning may
be needed from time to time, to thin out
and improve basic plant structure.
Mechanical pruning should also be carried
out immediately after harvest. Specialised
equipment is available and few, if any, type
of modification is necessary to effectively
prune most Banksias.
Hand held equipment such as chain saws
and heavy duty hedge trimmers can be
used in small plantations up to 300 bushes.
Tractor mounted equipment is used in
larger or more diverse plantations.
Two types of cutter design are suitable:
• multi toothed rotary disc;
• reciprocal cutter blades.
The equipment is hydraulically mounted
and either power take-off (PTO) or
hydraulically driven (see Figures 7.9 to
7.14).
Figure 7.10  Close up of rotary disc
cutter.
Figure 7.11  Front mounted
reciprocal cutter blade.
Figure 7.9  Multi-toothed rotary
disc cutter.
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Figure 7.12  Close-up of hydraulic
drive cutter head.
Slashing or flailing type cutting equipment
is generally not suitable. The cutting action
tends to split the ends of the growing
stems. This will cause considerable die-
back and allow disease entry to the plant.
With mechanical pruning, plants can be
table-top pruned by cutting off all material
above a certain height, usually 800 to
1200 mm above the ground. These heights
can vary but are normally set for conven-
ience of harvesting and are achievable in
younger stands (Figure 7.17).
Figure 7.17  Setting up harvesting height.
Figure 7.13  Three-point linkage
mounted unit (rear mounted
reciprocal cutter blade).
Figure 7.14  Mechanical harvester
operating.
Figure 7.16  Cleanly cut canes showing no
damage to the cambium layer.
Figure 7.15  Poorly cut canes showing damage
to the cambium layer.
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Figure 7.18  Pruning on an angle encourages
straight stems.
Figure 7.19  A highly productive Banksia stand following effective pruning.
Generally the height of table-top pruning
will be determined by the age and health of
the plants. In older stands, the height may
need to be increased if old wood is above
the 800 to 200 mm threshold.
Note: The height or horizon of healthy
wood producing green leaves is critical. Do
not cut into old wood that is producing few
green leaves. Do not cut into wood having
a diameter greater than 20 mm. Severe
loss of production and plant death will
result.
If the plants are closely spaced, a hedge-
row effect will develop. It may be necessary
to cut the sides along the row at a 45 to 60°
angle (Figure 7.18). This will encourage
straight stems.
The final result: happy pruning!!!
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CHAPTER 8
Irrigation of Banksia
Dr Kevin Seaton, Research Officer,
Department of Agriculture and Food, Western Australia
Introduction
Many Banksia species in the wild are able
to utilise surface soil moisture and ground-
water at depth. They utilise surface water
when it rains and they also develop exten-
sive tap roots that can extract water from
up to 7 metres to survive summer dry
spells.
On deep sands Banksias will require
irrigation towards the end of summer if
there has not been adequate rain to affect
recharge. Restricting water availability
during active growth phases and during
flowering, particularly if this occurs in
summer, will have a direct impact on stem
length and bloom quality.
The key to successful water management
of Banksias is to not over-water plants so
they become waterlogged, but to provide
sufficient water to recharge the profile.
Although Banksias can tolerate low levels
of water supply for prolonged drying
periods, this will compromise stem and
flower production.
A water monitoring tool such as a
tensiometer will greatly assist in irrigation
management of Banksias.
At some locations, such as in the south-
west of Western Australia where ground-
water remains within a metre of the surface
for most of the year, it may be possible to
get reasonable production from Banksias
by relying entirely on groundwater to supply
plant needs.
In northern areas, by late summer and
early autumn, surface water and deep
groundwater in the rooting depth of
Banksias is almost gone and, without rain
or irrigation, there will be plant losses.
Figure 8.1  Comparison of water available to
mature Banksia at the end of winter when the
soil profile is completely wet, and at the end of
summer when the surface layer of soil is dry and
most of the deeper groundwater has been
depleted.
Young plants
Irrigation or rainfall is critical for successful
seedling establishment and early plant
growth.
Experience with establishing other
Proteaceous species has shown that the
surface of sandy soils during spring to
summer can dry out within a day, exposing
the young seedlings to desiccation. Having
a well-designed irrigation system set up
before planting is critical for the survival of
young plants.
Once plants are established they may
benefit from several deep waterings to
encourage sinker roots to develop into
groundwater layers.
Starting with healthy seedlings is critical to
the later irrigation management of
Banksias. To encourage a strong non-
curling tap root, seedlings should be germi-
nated in tree tubes with root trainers and
timed so they are planted out before the tap
root is damaged. Deep ripping may be
necessary to free up soil compaction layers
to allow easier root penetration.
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Production growth
For maximum production growth, a tech-
nique called irrigation scheduling is
recommended. This is where water lost by
the plant, is replaced as required, ensuring
the plant does not dry out the soil and run
out of water.
Current scheduling methods combine data
from accumulated experience with modern
technology, thus better matching irrigation
to plant needs and the capacity of the soil
to hold moisture. The result is more
efficient use of applied water together with
improved yields.
Irrigation scheduling
This depends on an understanding of the
following factors:
Climate – Banksias are grown over a very
wide range of locations from Esperance to
Geraldton. Evaporation rates in southern
locations are one and a half times lower,
and rainfall three times higher than in
northern locations. Consequently water
requirements of Banksias can be consider-
ably more in northern locations.
Soil type – most Banksias are grown on a
range of soil types depending on species,
although they prefer sandy soils. The main
issue is the depth of the groundwater table,
either close to (within 1 m of) the surface or
deep in the sand. Other scenarios would be
where there is a limestone layer that might
hold up some water, or deep sand with no
ground water table and very little stored
water.
Varietal requirements – the flowering
season of the variety determines when
plants are pruned back and the amount of
leaf area present over summer. This will
have direct impact on water use. For
instance, early flowering B. coccinea has
produced most of its extension growth by
summer and would require less water than
B. hookeriana which is actively growing
over summer.
Plant size – B. prionotes tends to be a
much larger plant than B. baxteri and will
have a higher water requirement. It is
critical to prune plants and keep them
compact to prevent excessive water loss
through large, non-productive plants.
Water quality – it is imperative to provide
good quality water to plants, low in salts
and pH neutral or slightly acidic.
Irrigation system – this needs to have the
capacity to deliver sufficient volume of
water when high rates are needed, such as
in late summer. It also means having
drippers of sufficient size to deliver that
water to the plant.
Methods of irrigation scheduling
There are two main ways to schedule
irrigation. Evaporative replacement relies
on, and is limited to, historical information.
Alternatively, the use of instruments such
as tensiometers or other moisture
monitoring instruments enable monitoring
of water use by plants on a real time basis.
Both techniques are outlined in this
chapter, but finetuning of techniques on
your own property is important to achieve
best results.
Evaporation replacement
This method calculates the amount of
irrigation required based on a percentage
of the evaporation rate. The percentage
used is called the crop factor. Crop factors
vary between plants and are also adjusted
for irrigation method, plant size and growth
stage. Little research work has been done
to determine crop factors for Banksia.
When drip irrigation is used on mature
Banksia plants, they require an evaporation
replacement of 45 to 75 per cent. One way
to check evaporation in your area is to
install an evaporimeter in your crop.
Farmnote 22/90 describes how a simple
evaporimeter can be constructed.
Other sources of evaporation rates for your
calculations include:
• radio broadcasts of daily evaporation
rates in some areas;
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• long-term evaporation figures are avail-
able for many regions and are published
in the Department of Agriculture and
Food’s Technical Report No. 65;
• live and historical data on the
Department of Agriculture and Food,
Western Australia’s weather website
www.agric.wa.gov.au/climate with
links to other weather websites.
To calculate crop water requirements
For plants that do not have overlapping
canopies, the formula below is used to
calculate water requirement. It is based on
the area the plant canopy covers. (These
rates of irrigation will vary according to
a number of factors and are only a
general guide for a particular crop in a
particular soil and location.)
The example provided calculates the water
requirement of a mature B. prionotes plant,
in January near Gingin, with a circular
canopy and 3 m diameter (1.5 m radius).
The plant is irrigated with two 4 L/h
drippers. Assume the average daily
evaporation in January is 9.0 mm/day and
the crop factor for Banksia is 0.45.
Quantity of water in litres/plant
= 9.0 mm/day x (3.142 x 1.5 x 1.5) m2 x 0.45
= 28.6 L/plant/day
To supply each plant with this amount of
water, how long do you need to have the
drippers operating? Every plant has two
drippers supplying 4 L/h.
Hours of irrigation per day:
= Quantity required (L/plant)
Sprinkler or dripper flow (L/plant/h)
= 28.6 L/plant/day
 8.0 L/h
= 3.57 h/day or 3.6 hours per day
Quantity of water required in litres per plant =
mm evaporation x canopy area (area of a
circle is π r2) x crop factor.
If deep roots have tapped into groundwater,
then the amount of water supplied from
groundwater may be half the plant’s needs
or 14 L/day, thereby reducing irrigation
requirement to 1.8 hours per day.
Irrigation may need to be increased:
• if there is no groundwater within 9 m of
the surface;
• towards the end of summer and early
autumn when groundwater reserves are
being depleted;
• if the site is very weedy or a cover crop
is present (as it also uses water);
• if the water is saline you will need to
allow for a leaching factor.
Decrease the amount of irrigation if
significant rainfall occurs. It is imperative
that Banksias do not get waterlogged and
therefore plants should be irrigated to
levels between field capacity and wilting
point (Figure 8.2).
To calculate irrigation frequency
Determining your soil type and root zone
First you need to know your soil type and
effective rooting depth of your crop.
A soil survey of your property to assess soil
types is a good starting point to plan irriga-
tion strategies. In young plantings, ideally
you should group species so that you can:
• irrigate varieties with different water
requirements separately;
• irrigate different soil types within your
flower farm independently.
Wilting point Field
capacity
Drainage
water
Water not
available
to plants
No water in soil Soil saturated with water
Water available to plant
Figure 8.2  Relationship between moisture
levels in the soil.
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Heavier soil types require less frequent
irrigation, as they are capable of storing
more water. Sandier soils, such as the
coastal sands in the Gingin area, require
more frequent irrigation than heavier soils
In addition, different soils give up their
water in different ways. Plants require
energy to extract water from soils. They are
able to extract more water from a clay or
loamy soil than from a sandy soil.
The amount of water that can be easily
extracted by a plant from the root zone is
called readily available water or RAW (see
Table 8.1) and is about 20 per cent of the
stored water for a sandy soil and 60 per
cent for a loam soil.
Table 8.1  Estimated readily available water
Soil type 
Readily available water (RAW) 
mm/m of soil  
(using 50% depletion) 
Coastal plain 
sands 
20 
Loamy sand 35 
Sandy loam 50 
Loam 60 
Clay loam 70 
Clay 60 
roots are concentrated within the first
30 cm of the surface and tap roots can
extend down to 9 metres. On some duplex
soils (for example, sand over clay) where
rooting depth is restricted, it may only be
20 cm. Where there is a perched
watertable roots may concentrate in the
subsoil moisture layer.
Knowing your soil type and its profile at
depth is paramount to designing an
effective irrigation system.
To a certain extent the effective rooting
depth can also be modified by irrigation
practice. Using good planting stock with a
well structured root system will ensure the
development of a healthy tap root which will
seek out deep water. Compromising the
root system by poor planting stock can
severely compromise the ability of the
One metre deep soil survey pits will help
establish effective rooting depth.
As well as soil type, the effective root depth
from which the plants can extract water
also affects the readily available supply. On
sand over clay at 1 m, 80 per cent of the
roots of native plants are within 60 cm of
the surface. On sandy soils Banksia feeder
Banksia plant to seek out deep soil
moisture and it will require more frequent
irrigation. Few Banksias are cutting-grown
plants and it is not known how this affects
the development of a deep root system.
So the aim of any irrigation schedule is to
keep the amount of water in the root zone
in the range where it is readily available to
the plant.
For the situation given earlier we can work
out the amount of water in litres that each
plant can access.
Although we have a mature plant with
80 per cent of its roots in the top 30 cm of
soil, it is more likely that some roots will
extract water from deeper (assume 50 cm).
Each of the drippers has a wetting pattern
which is 50 cm across at its widest point.
The soil RAW is 20 (Table 8.1).
Sandy soils not only store less water but less
of that stored water is available to the plant.
This means proper scheduling of irrigation is
critical to avoid stressing the plant and to
maximising yield. Use tensiometers or similar
equipment to help determine if the crop is
stressed.
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The plant in the example uses 14.3 litres
per day. This would be best achieved by
split irrigation.
Splitting irrigation into a morning and after-
noon watering is ideal as it prevents water
wastage through leaching. It provides water
for the morning when the plant uses it, and
in the afternoon to recharge the root zone.
The problem with any calculation based on
historical data is that it is exactly that –
historical. What is actually happening from
day-to-day is likely to be different. The risk
is that in hot weather or during a heatwave,
the plant may not get the water it actually
needs and thus become stressed.
Soil moisture sensors
There are many soil moisture sensors
available commercially, including
tensiometers, gypsum blocks and
capacitance probes (see Farmnote 26/90).
Area per dripper = π r2, where r = radius of the wetted area (note: π = 3.142)
Area = 3.142 x 0.3 x 0.3 = 0.28 m2
Total wetted area = 0.28 m2 x 2 drippers = 0.56 m2
To calculate the area of the wetting pattern use the formula below:
The most suitable tool for you will depend
on your situation. Accuracy, simplicity, cost,
labour, and soil type will help you choose a
suitable instrument. Only tensiometers will
be discussed in this chapter because they
are reliable, low cost and easy to install.
Tensiometers
Tensiometers are commonly used to
assess soil moisture and suitable irrigation
periods. They are read in centibars (cBars)
or kilopascals (kPa). There are several
types available; some are ideal for sandy
soils (0 to 40 cBars) and others more
suited to heavier soils (0 to 100 cBars).
Tensiometers can be used to check the
accuracy of the irrigation scheduling. Soil
moisture readings can be used to check if
the evaporation replacement method is
accurate. Graphing daily readings will show
you how moist the soil is, indicating any
To calculate the irrigation interval:
Irrigation interval (days) = Available volume of water in root zone (litres)
daily plant use (litres/plant/day)
If by middle of summer all groundwater is depleted then
Interval (days) =      28 L/plant     
28.6 L/plant/day
= 0.98 days or irrigate every day in summer
The next step is to calculate the plant available water in the root zone: assuming 0.5 m
of the water is stored in the surface layers and 2 m is stored in the sub-soil layer and is
available to deep tap roots:
Volume of water available in litres per plant = wetted area (m2) x root depth (surface + deep roots)
x RAW
Volume of water available (L) = (0.56 m2 x (0.5 + 2 m) x 20 mm/m (Table 8.1)
= 28 L available water that can be stored in the soil
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adjustments you need to make to your
scheduling.
Two tensiometers, the shallower one
placed in the root zone and the other just
below the root zone (about 45 cm) can be
used to schedule irrigation. Soil pits should
be dug to determine the depth of plant
roots.
The best time to determine the reading at
which the soil is at field capacity is in
winter, directly after a period of heavy rain.
The reading on the shallow tensiometer at
this time corresponds to field capacity.
When to start irrigation
This should occur before plants become
stressed. Plant stress starts when the
plants have extracted all the available
water from the soil. The purpose of the
shallow tensiometer is to indicate when
plant stress is likely to commence and
when to start irrigation. The tensiometer
readings at which plant stress may start
and irrigation should commence will vary
with soil type.
In sandy soils, with Banksias, the upper
limit should be 8 cBars. More loamy soils
may be allowed to go up to 25 cBars and
heavy clays up to 40 cBars (Table 8.2).
These limits are approximate only and will
vary with crop and exact soil type.
being applied. If the reading in the top
tensiometer stays below the value of field
capacity, then you are over-watering and
problems such as root rots due to water-
logging can occur.
Efficient irrigation aims to keep the tensi-
ometer readings between field capacity and
the stress point. As summer progresses the
deeper tensiometer may show the soil is
starting to dry out. If adequate moisture in
the root zone is maintained, this should not
create a problem.
When to turn off the irrigation
The deep tensiometer readings are used to
indicate over-watering. If the readings
remain at field capacity then the crops are
being over-watered.
Regularly graphing tensiometer readings,
rainfall and the amount of irrigation applied
will assist you to finetune your irrigation
scheduling. Remember that the true read-
ing is obtained by correcting for depth by
subtracting 1 cBar per 10 cm of tensi-
ometer length. For example, a 15 cm long
tensiometer reading of 6 cBars must have
1.5 cBars subtracted from the reading. So
the actual reading is 6 - 1.5 = 4.5 cBars.
For a 30 cm tensiometer, subtract 3 cBars.
This correction is to allow for the suction
force needed to support the column of
water.
Water quality
Water should be tested before you start
irrigating. The salinity of water is measured
by its conductivity in milliSiemens per metre
(mS/m) (see Farmnote 34/2004).
Saline water can be toxic to Banksias so
irrigation needs to be applied carefully. In
freely draining soils up to 10 per cent extra
irrigation will flush excess salt accumulation
from the root zone. As the salt content of
irrigation water increases, higher rates and
greater frequency of irrigation will be
needed. For optimum production of
Banksias we do not recommend using
water in excess of about 145 mS/m.
Table 8.2  Upper limits for tensiometer
readings to avoid plant stress
Soil type 
Shallow tensiometer 
readings (cBars) 
– start of irrigation 
Light (sands) 8 
Medium (sandy loam to 
loam) 25 
Heavy (clay loams to 
clays) 
40 
How much to irrigate
The amount of irrigation to apply should be
sufficient to lower the shallow tensiometer
reading to field capacity. If the field capacity
figure is not reached, insufficient water is
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For drip and micro sprinkler irrigation,
filtration will be necessary. The degree of
filtration will depend on the sediment in the
water supply and the type of irrigation
used. There are many commercial filters
available. Regular maintenance of the
system will help prevent blockages (see
Farmnotes 41/90).
Irrigation system inefficiency
Factors including fluctuating irrigation
operating pressures, poor design and poor
maintenance contribute to irrigation system
inefficiencies. It may be necessary to add
between 15 to 30 per cent extra water to
the soil surface to make up for these
factors. Check irrigation outputs before and
during the growing season to determine if
the extra application is necessary. With
pressure regulated emitters the problems
are likely to be reduced.
Types of irrigation systems
There are three main types of irrigation
system, drip, mini sprinklers or microjets
and overhead sprinklers. Each of them has
advantages and disadvantages. Check with
your irrigation designer to find the most
efficient system for your planting. Which-
ever type of irrigation system you use, it is
important that it is calibrated so that you
know its output. You need to check that
each emitter has the same output,
pressures along all the laterals are the
same or very similar and that the system is
capable of delivering sufficient water for
your plants.
Demand irrigation and remote
sensing control systems
Demand irrigation
The basis of this system is a soil moisture
sensing device, usually a tensiometer fitted
with a pressure sensitive electric switch
and hard-wired to the irrigation controller.
Irrigation is automatically scheduled via
predetermined parameters set to the tensi-
ometer electrical resistance connections.
As moisture levels drop to target levels, the
tensiometer triggers the irrigation pump to
commence watering.
Remote sensing
This is a sophisticated computer control
system, using numerous sensing devices
to determine on-site soil moisture levels.
The system can either be hard-wired or it
can utilise small radio transmitter communi-
cation to and from the computer. The
system charts all parameters and automati-
cally schedules watering.
Note: Kilopascals (kPa) are a metric
measure of pressure. The empirical unit of
pressure is Centibars (cBars). kPa is
equivalent to cBars.
Tensiometers (which can be purchased at
most large irrigation suppliers) can be read
in negative Kilopascals (-kPa) or Centibars
(-cBars) which indicates suction as
opposed to pressure (kPa).
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CHAPTER 9
Fertilisers for Banksia production
Dr Kevin Seaton, Research Officer,
Department of Agriculture and Food, Western Australia
Introduction
Although there is limited information on the
fertiliser requirements, Banksias appear to
respond well to balanced fertilisers applied
at moderate rates. Having a suitable
fertiliser program is critical to producing
stems that are of sufficient length, the right
thickness and with quality flowers.
It is essential when designing a fertiliser
program for Banksia to also have in place
an efficient irrigation system delivering
adequate water - this way production is
maximised. The amount of nutrients
required by Banksias appears to be consid-
erably less than is required by Waxflower.
Many choices face growers as to which
fertiliser to use and how to apply it.
Fertilisers include inorganic, quick release,
slow release, single element or complete
fertilisers, which can be formulated as
solid, liquid and organic fertilisers. There is
no mystery to applying fertilisers as each
formulation contains certain quantities of
particular elements such as nitrogen (N),
potassium (K) and phosphorus (P), and it is
these that meet plant requirements.
There are two main ways to fertilise
Banksia plants - either by top dressing solid
or granulated fertilisers usually split into
several applications a year, or by injecting
readily soluble fertilisers through irrigation
lines. Dissolved fertilisers are also some-
times applied as a foliar spray although this
is usually to correct a specific deficiency
and is often an expensive way to fertilise
plants.
Methods of applying fertilisers
Top dressing
Top dressing fertiliser is not generally
suitable for Banksia because of the high
phosphorus content and the problem of
heavy leaching of minerals following rain,
which can burn roots. Slow release fertilis-
ers may, however, be suitable. Appropriate
tree spikes or tablets may also be suitable
although care is needed to select formula-
tions low in phosphorus (that is, 2 per
cent). These should not be placed in the
planting hole but adjacent (about 15 to
20 cm) from the plant.
Fertigation
Fertigation is the technique of applying
soluble fertilisers to crops through micro
sprayers or trickle. The advantage of this
method is:
• nutrients are made available directly to
the plant;
• amount of nutrient supplied can be
controlled according to seasonal plant
requirements;
• nutrients can be supplied in small
amounts on a daily basis;
• the mix of nutrients can be varied
according to plant needs.
To work out the size of tank required for
fertigation, you need to work out the
amount of each fertiliser that will be applied
for each area.
The size of the tank should be determined
by the solubility of the least soluble fertili-
ser. This can be seen in the following
example for 1 hectare, where urea is the
most soluble fertiliser and potassium
sulphate is the least soluble fertiliser.
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In this example, the use of potassium
sulphate determines that the size of the
tank should be 730 litres, or 1000 litres to
allow for lower solubility in cold weather.
Table 9.1  Size of tank for fertigation
Fertiliser 
Solubility 
(kg/100L 
at 20°) 
Amount of 
required 
fertiliser 
(kg/ha) 
Water needed 
to dissolve 
that amount 
of fertiliser 
(L) 
Potassium 
nitrate 
32.0 80 250 
Urea 105.0 80 76 
Potassium 
sulphate 
11.0 80 730 
Fertiliser injection methods
A fertigation system allows flexibility in
fertiliser programs if plantation blocks are
established correctly. This allows delivery of
differing amounts of fertiliser according to
variety and plant age.
It is important to select a fertiliser injection
method that best suits your irrigation
system and the crop to be grown. Each
fertiliser injector is designed for a specified
pressure and flow range. Two injection
methods used include:
• metering pumps;
• venturi (vacuum).
Metering pumps use a pump to inject the
fertiliser solution from a supply tank into the
main line. The metering pump may be
driven by an electric or diesel motor or by
water pressure.
Figure 9.1 Diagram of flow through a metering
pump.
A venturi (vacuum) is a device to create a
reduced pressure (vacuum) that sucks the
fertiliser solution into the line. This system
does not require external power as it relies
on the flow of water through the irrigation
line.
Preparing fertilisers
When preparing fertiliser solutions for
injection units, care must be taken when
handling chemical components. Fertilisers
that must not be mixed together are
outlined in Bulletin 4512. Most materials
used in fertigation are corrosive.
The injector is also often used to inject acid
into the irrigation system for regular mainte-
nance. Therefore, all injector parts should
be made of corrosion resistant material.
If applying fertilisers through micro sprink-
lers, run sprinklers for two to five minutes
after fertigation to wash the fertilisers from
the leaves and into the soil and to clean out
the nozzles.
Apply fertiliser throughout the year. As
summer is the main period of growth, it is
important that nutrients are available to the
plant at this time. Reduce rates, especially
nitrogen, after budding to minimise on-
growth.
Calculating the amount of
fertiliser plants receive
To calculate how much of a nutrient you
add to a fertigation tank you need to know
how much nutrient an individual plant
should get. Fertiliser rates are usually given
as kg/ha.
For example:
Nitrogen requirement (kg/ha/year) = 6 to
9 kg/ha/year; potassium 7 to 9 kg/ha/year;
phosphorus 1 kg/ha/year; calcium 7 to
2 kg/ha/year and magnesium
0.6 kg/ha/year, together with trace
elements usually supplied as a proprietary
brand such as Librel BMX® or Combi®.
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Converting this rate to a fertiliser formula-
tion depends on chemical analysis of the
fertiliser. For example, ammonium nitrate
(for example, Agran) and urea are a high
nitrogen source with 34 per cent or 46 per
cent nitrogen respectively, while mono
ammonium phosphate (MAP) is a high
phosphorus source with 22 per cent
phosphorus and a low source of nitrogen
(10 per cent).
Urea requirement (kg/ha/year) = 8 /0.46
= 17.4 kg/ha/year
or 17,400 g/ha/year
To convert this to a daily basis, divide by
the number of days plants are irrigated.
If plants are fertigated daily from
1 September to 31 March (that is, 202
days) then:
To calculate how much fertiliser is needed
to be added to a tank to make up stock
solution:
Number of plants to be fertigated = 800
Number of days of fertigation (from a single
tank full) = 20
Calculate the number of plants per hectare.
For B. hookeriana at row spacing of 4 m and
an intra row spacing of 3 m:
Plants per hectare = (10,000)
(2 x 4)
= 833 plants/ha
Calculate individual plant requirements.
Plant nutrient need = 17,400 g/ha/year
833 plants/ha
= 21 g urea/plant/year
Daily nutrient need = 21 g urea
 202 days
= 0.10 g urea/plant/day
Amount of urea to add to stock tank
= g/plant/day x number of plants x days
= 0.10 g/plant/day x 800 plants x 20 days
= 1600 g
The size of the stock tank is usually 100 or
200 litres, which works well when no more
than 20 kg of fertiliser is used.
Care needs to be taken when mixing
fertilisers. For instance, calcium nitrate
mixed with phosphates or sulphate can
cause precipitation.
Solubility
The volume of water required to dissolve
an amount of fertiliser depends on its
solubility. Fertilisers (for example, ammo-
nium nitrate, ammonium sulphate, potas-
sium sulphate, di-ammonium phosphate)
have a solubility range of 0.32 kg/L
(potassium nitrate) to 1.92 kg/L
(ammonium nitrate).
Mixing
Fertilisers differ in the amounts that can be
dissolved in water. Most fertilisers dissolve
more readily in warm or hot water. Solu-
tions should be made up fresh and in a
thoroughly clean tank.
When making up concentrated stock
solutions it can be helpful to know the
solubility of the chemicals involved. A few
examples are listed below:
Table 9.2  Solubility of some fertilisers
Fertiliser Solubility 
Ammonium nitrate 1.92 kg/L water at 20°C 
Ammonium sulphate 750 g/L water at 20°C 
Boric acid 49 g/L water at 20°C 
Calcium nitrate 1.29 kg/L water at 20°C 
Magnesium sulphate 330 g/L water at 20°C 
Potassium chloride 340 g/L water at 20°C 
Potassium nitrate 316 g/L water at 20°C 
Potassium sulphate 111 g/L water at 20°C 
Remember, if a stock solution is heated to
dissolve the components, the fertiliser may
crystallise when the solution cools down. To
avoid this, dilute the solution or use it
immediately.
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Setting the injection rate
Injector systems may allow a dial up dilu-
tion factor or the system may need to be
calibrated by hand to get desired dilution
rate.
For example if the irrigation rate is
5 L/plant/day, that is 1.25 hours irrigation
using 4 L/h emitters,
For 800 plants:
= 4 L/h x 1.25 h x 800 plants
= 4000 L/day irrigation water
to which 10 litres of stock solution is added,
giving a dilution factor of
4000 L = 1:400
10 L
Tissue testing
There is an optimum level of nutrients
required by the plant (Figure 9.2). Nitrogen
and phosphorus tend to increase in spring
and autumn while calcium shows more
uniform levels throughout the year.
This varies throughout the year and
depends on the type of nutrient.
Table 9.3 Range of tissue nutrient concentrations found in various Banksias
Nutrient N  
(%) 
P  
(%) 
K  
(%) 
Ca 
(%) 
Mg  
(%) 
S  
(%) 
Fe  
ppm 
Na 
ppm 
Cu 
ppm 
Mn 
ppm 
Zn 
ppm 
Range 
0.60  
to 
1.00 
0.02   
to 
 0.04 
0.16 
to 
0.34 
0.35 
to 
0.90 
0.13 
to 
0.30 
0.09  
to  
0.18 
50  
to  
340 
0.30  
to 
0.40 
2.00  
to  
4.20 
20  
to 
380 
3.10  
to 
7.30 
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Figure 9.2 Graph of idealised optimum
tissue nutrient levels in Banksia
Nutrient sampling
Tissue and soil sampling is useful for
determining the effectiveness of your
fertiliser. An example of tissue nutrient
concentrations in Banksias is in Table 9.3.
Figure 9.3 Banksia baxteri leaves
showing increasing stages (left to right)
of development of nutrient deficiencies.
New growth in spring to summer shows a
light green to yellow colour compared to
older foliage with sometimes red tinges.
This is the normal appearance of new
growth and it will darken as leaves mature.
It does not require corrective fertiliser
action unless leaves become excessively
yellow or chlorotic looking. In this case it
may indicate nitrogen, sulphur or iron
deficiency.
Figure 9.4 Banksia attenuata showing
lighter green foliage on new growth.
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pH
Soil pH can affect the availability of a
nutrient, particularly trace elements. For
example, in alkaline or high pH soils, iron
(Fe) becomes unavailable. Soil pH can
become acidic with application of ammo-
nium fertilisers. Alternating with calcium
based fertilisers, such as calcium nitrate,
may be necessary.
Fertigation injection program
for Banksias
The following fertiliser recipe was found to
work for mature Banksias but further test-
ing is needed for general application.
Summer
Make up a stock solution of:
Urea 0.83 kg
Potassium nitrate 1.76 kg
Calcium nitrate or
Magnesium sulphate 0.32 kg
Mono-ammonium phosphate 0.40 kg
Chelated trace elements (Librel®) 0.032 kg
Winter (April to June)
only, inject:
Potassium sulphate 0.8 kg
Calcium nitrate or
Magnesium sulphate 2.5 kg
Mono-ammonium phosphate 0.10 kg
Chelated trace elements (Librel®) 0.012 kg
Calcium nitrate or magnesium sulphate can
cause precipitation.
Make up the above fertilisers as a 200 litres
stock solution and inject 10 litres of this
stock solution per 800 plants being
watered.
Acclimatise young plantings to the above
fertiliser program by increasing the
frequency of injection gradually.
Initially inject fertilisers one day per week at
above rates for first month, then one day
every three days for two weeks, increasing
frequency until plants are fertigated daily.
Note: It is the responsibility of the user to
ensure all safety precautions are taken
when handling and dispensing fertilisers for
the operator and people associated with
this process. Fertiliser requirements may
vary with the variety of Banksia being
grown. The above recipe should be applied
to test plants before general use.
Figure 9.5 Mature Banksia hookeriana plants
under fertigation.
Pollution
Over-fertilising can lead to salinity, acidifi-
cation and nitrification of soils and leaching
into watercourses.
WARNING: Be careful when mixing
phosphoric acid. Add the acid to the
water and not the water to the acid, as
the acid will boil and spit.
Note
• percentages listed above are those
usually found in purchased horticultural
grade product and so may differ from
the theoretical percentage;
• potassium chloride is not recommended
for use in liquid feeds.
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Disclaimer: Relatively little is known about
the fertiliser requirements of Banksia in
general (at a species or variety level) and
crops should be trialled first on a test site
before wide scale adoption on the farm.
This material has been written for Western
Australian conditions. Its availability does
not imply suitability to other areas, and any
interpretation or use is the responsibility of
the user. Mention of product or trade
names does not imply recommendation,
and any omissions are unintentional.
Recommendations were current at the time
of preparation of the original publication.
Fertiliser Chemical %N %P %K % other 
Ammonium nitrate (Agran) NH4NO3 34.0    
Ammonium sulphate (NH4)2SO4 21.0    
Borax (di-sodium tetraborate decahydrate) Na2B407.1OH2O    11% boron 
Boric acid H3BO3    17% boron 
Calcium nitrate Ca(NO3)2 15.5   19% calcium 
Copper sulphate CuSO4.5H20    25% copper 
Copper chelate Na2CuEDTA    13% copper 
 NaCuHEDTA    9% copper 
Di-ammonium phosphate (NH4)2HPO4 21.0 23.0   
Di-potassium phosphate K2HPO4  17.7 45.0  
Ferric sulphate Fe2(SO4)3.4H20    23% iron 
Ferrous sulphate FeSO4.7H20    19% iron 
Iron chelate NaFeEDTA    5 to 14% iron 
 NaFeEDDHA    10% iron 
Magnesium sulphate MgSO4.7H20    10% magnesium 
Manganese sulphate MnSO4.H20    25.5% manganese 
Mono-ammonium phosphate (NH4)H2PO4 12.0 27.0   
Mono-potassium phosphate KH2PO4  22.0 28.0  
Phosphoric acid (85%) H3PO4  26.8   
Potassium chloride KCl   50.0  
Potassium nitrate KNO3 13.9  38.6  
Potassium sulphate K2SO4   41.5  
Sodium molybdate Na2MoO4.2H20    39% molybdenum 
Urea CO(NH2)2 46.6    
Zinc chelate Na2ZnEDTA    14% zinc 
 NaZnHEDTA    9% zinc 
Zinc sulphate ZnSO4.H20    36% zinc 
Table 9.4 Commonly used fertiliser materials and analysis of important elements
Further reading
Selection of fertigation equipment.
Farmnote, Department of Agriculture and
Food, Western Australia 35/01.
Fertigation of vegetables in Western
Australia. Bulletin, Department of
Agriculture and Food, Western Australia
4512.
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CHAPTER 10
Insect pests of Banksia
Bill Woods, Entomologist and Max Crowhurst, Senior Technical Officer,
Department of Agriculture and Food, Western Australia
In the wild, Banksias are attacked by a
whole suite of arthropods, from wood
boring larvae, leaf chewing weevils, scale
insects and leaf mining caterpillars to
eriophyiid mites. These do not often kill the
plants but make the foliage unsightly and
not suitable as cut flowers.
Banksia gall midge
One insect that causes growth distortion to
the leaves of Banksia coccinea is Banksia
gall midge (Dasineura banksiae). The life-
cycle of this gall midge is currently under
study by the Entomology Section of the
Department of Agriculture and Food,
Western Australia, to determine what
control measures can be implemented to
successfully manage this pest. Banksia gall
midge is host specific, found only on
B. coccinea. It appears the pupating larvae
begin to emerge coinciding with the first
growth flush, generally occurring late
October to early November. Subsequently,
it is thought the adult midge stage would be
active a short time later. The adult female
targets the soft leaf material of the young
growth, penetrating the leaf surface to
deposit eggs.
Figure 10.2  Banksia gall midge.
The only effective control method at the
present time, is to remove the branches
containing the affected leaves and dispose
of by burning. Early detection is important
to break the life cycle.
This insect affects most stands of
B. coccinea in the wild. The galls formed by
its feeding can be seen on the leaves long
after the actual insect has left.
In the wild it is heavily attacked by a para-
sitic wasp which lays its eggs in the gall
midge larvae. These wasps then emerge
from the gall rather than the gall midge
itself.
Figure 10.3  Banksia coccinea leaves with gall
damage evident.Figure 10.1  Banksia gall midge.
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We are studying gall midge on one planta-
tion at Albany. At this site the tiny gall
midges are active in December and
January when there is succulent new
growth. Eggs are laid on this new growth.
As the tiny larva develops and feeds, the
Banksia plant forms a gall around it in an
attempt to kill the larva. After a number of
moults the gall midge larvae will form a
cocoon within the gall and pupate, and an
adult will eventually emerge.
As a native insect the development of the
Banksia gall midge is closely synchronised
to the biology of the host in the wild and
adults will emerge at a time when new
growth is available that they can attack.
Once we understand the biology more we
can develop a means of control to target
the most susceptible stage in the midge’s
biology.
Banksia boring moth
The key pest of most cultivated Banksias
across Australia is the Banksia boring moth
(Arotrophora arcuatalis) (Figure 10.4).
Eggs are laid on developing flowers, and
the larvae feed first on the bracts before
burrowing into the woody centre of the
bloom (Figure 10.5).
Feeding can cause death of individual
florets or distortion of the whole flower
spike (Figure 10.6).
It is important to inspect stands of
B. hookeriana, B. menziesii, and
B. prionotes, which flower during the
autumn and early winter season, and
B. coccinea which flower later into spring,
to determine signs of infestation.
Dark areas appearing on sections of the
flowering head, protruding florets, or
distorted cones are symptoms of the larvae
chewing the centre of the flower, as is the
presence of frass (insect castings that
resemble sawdust) (Figures 10.7 and
10.8).
Figure 10.4  Banksia boring moth.
Figure 10.6  Distorted flower spikes
due to Banksia boring moth damage.
Figure 10.5  Banksia
boring moth larvae
burrow into the
centre of the
developing bloom.
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There are a number of generations per
year and if good hygiene is not practised in
plantations (removing and destroying
unpicked flowers) numbers can build up to
very high levels.
If not controlled, this insect can attack a
large percentage of flower stems. It will
also bore into and kill young shoots.
Fortunately good control can be achieved
by regular application of insecticides.
However, sprays need to be applied from
the appearance of immature flower spikes
to the completion of picking.
A number of growers have reported
significant damage from Banksia boring
moth.
A Banksia boring moth pheromone has
been engineered by New Zealand
scientists and was tested during the
Figure 10.7  Distorted flower spikes due to
Banksia boring moth damage.
Figure 10.8  Frass (insect castings) on a
young Banksia flower.
2005/2006 season in conjunction with
‘sticky traps’. These trials will be used to
develop pheromone traps that will be useful
in determining moth numbers and further-
ing knowledge of the life-cycle.
Managing this pest, which will be active
throughout the year, requires the ‘bio-
hygiene’ approach.
Chemical control is only possible before the
larvae bore into the flower stem. Spraying
with Dominex® on a regular basis, during
early bloom formation, will help to control
adult moth populations and exposed
larvae. Target sprays specifically to coin-
cide with late bud, early flower develop-
ment. Spray on a 10-day cycle. Do not
exceed more than three consecutive pesti-
cide treatments with any single pesticide.
Monitor for adult moth activity.
Adopting best practice hygiene manage-
ment by removing infested flower heads,
and incinerating them off-site, will further
aid the control measures.
Banksia moth will be more difficult to con-
trol in mixed varietal Banksia stands having
different flower maturities. Removing all
flowers which are not considered harvest-
able will help in the control.
Other insects
Cultivated banksias with their tough foliage
and woody stems are not prone to insect
attack but young succulent stems, leaves
or flowers are vulnerable, and plants that
have been weakened by drought or
dieback can be susceptible to termite
attack (Figure 10.9). Insecticide drenching
will kill the termites but, by then, often the
damage has already been done.
Large native weevils (Figure 10.10) attack
leaves and flowers and can be difficult to
kill with insecticide.
Further research of the insect pests of
Banksia is required to better understand
their lifecycle and habits for stronger
recommendations and improved control
strategies.
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Figure 10.9  Termite damage.
NOTE: Contact the Department of
Agriculture and Food, Western Australia for
specific control recommendations as
required.
Additional insect control information
including spray rates are listed in
Chapter 13 (Table 13.2).
It is important to note that damage to
Banksia stands may be caused by non-
insect pests such as rodents, parrots and
small marsupials like sugar gliders and
honey possums.
Figure 10.10  Native weevil.
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CHAPTER 11
Diseases of Banksia
Aileen Reid, Development Officer,
Department of Agriculture and Food, Western Australia
Banksias are subject to a number of
diseases. Many of these diseases can be
controlled through good cultural manage-
ment practices and judicial use of pesti-
cides.
To minimise the risk of introducing or spread-
ing diseases, it is imperative to buy disease-
free plants and take basic quarantine
measures. These include fencing the site
and using foot and vehicle baths. Stop soil
movement from surrounding areas into the
site.
Although many growers use foot and
vehicle baths, the chemicals used in them
actually require about 20 minutes to kill the
spores. It is therefore important to remove
as much dirt as possible and to keep baths
clean to increase effectiveness.
To reduce the chance of infection, ensure
that all surface water used for irrigation is
filtered or injected with chlorine.
The use of lime to a depth of 10 cm on
roadways is also thought to be an effective
control, as many organisms cannot survive
in the raised pH environment.
Plants showing early disease symptoms
should be treated with appropriate fungi-
cides.  Neighbouring plants should also be
treated. When diseased plants die as a
result of soil borne pathogens, they need to
be removed and the site treated with
appropriate fumigants before replanting.
Phytophthora
Root rots are one of the most damaging
diseases of Banksias. One of the most
common is Phytophthora spp.
Phytophthora is a naturally occurring soil
borne fungus that attaches itself to soil
particles. It can be transported onto your
property in water, soil, and mulch or on
plant material, tools and vehicles.
Signs that plants may be infected with a
root rot are those showing death from the
tips of plant down (young growth affected
first). The disease affects water and
nutrient uptake. For suggested control
measures see Chris Dunne’s comprehen-
sive article later in this chapter.
In a recent screening trial, all of the
commonly grown Banksias in Western
Australia were found to be susceptible to
Phytophthora cinnamomi (jarrah dieback).
(See Figure 11.1)
Order of susceptibility from most
susceptible to least is:
• B. hookeriana;
• B. coccinea;
• B. prionotes;
• B. baxteri;
• B. victoriae;
• B. speciosa;
• B. menziesii;
• B. burdettii;
• B. attenuata.
Once Phytophthora is introduced to a
plantation, effective control using chemicals
is difficult as it is hard to kill at depth with-
out soil incorporation (not an option once
the trees have been planted).
Even if effective surface control is
achieved, as soon as water rises through
the soil profile, it carries with it more
Phytophthora spores, re-infecting the site.
Banksia cankers
An important group of diseases commonly
known as canker can severely affect
Banksias. It is possible that some plants
previously considered to be affected by
dieback were actually affected by canker.
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Cankers are commonly seen on Banksia
plants that are debilitated. Although there
are a number of fungi that cause cankers in
Banksia, all of them are weak pathogens
and therefore only take hold if the plant is
stressed.
Aerial canker was first observed in 1989,
when large numbers of B. coccinea on the
south coast were noticed dying downward
from the apical branches. Plant death in
15-year-old B. coccinea increased from 40
to 98 per cent in a 2.7 year period.
Cryptodiaporthe melanocraspeda was the
most frequently isolated fungus from
lesions from individual plants at four sites.
The actual breakdown from 109 isolations
from samples at 53 sites was:
• Botryosphaeria ribis 47%
• Cryptodiaporthe melanocraspeda 36%
• Microsphaeropsis sp. 8%
• Cytospora sp. 6%
• Zythiostroma sp. 3%
Pathogenicities of Botryosphaeria ribis,
C. melanocraspeda and the Zythiostroma
sp. were compared in wound-inoculated
stems of Banksia baxteri and B. coccinea.
Botryosphaeria ribis formed small lesions
which did not girdle stems, and it was
considered a weak pathogen.  Although the
Figure 11.1 Variability of resistance of Banksia species to Phytophthora cinnamomi (this data is
extracted from McCredie TA; Dixon KW & Sivasithamparam K (1985) Variability of resistance of
Banksia species to Phytophthora cinnamomi in Australian Journal of Botany pp. 629-37 (with
permission from Kingsley Dixon).
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Zythiostroma sp. formed lesions that girdled
stems, it was not considered a major cause
of death due to infrequent isolation from
B. coccinea. It was concluded that
C. melanocraspeda infection was associ-
ated with death of B. coccinea because the
fungus formed lesions that girdled stems
and because it was frequently isolated from
dying B. coccinea throughout the Banksia’s
geographic range.
Within the region, C. melanocraspeda was
also isolated from other Proteaceae:
Banksia attenuata, B. baxteri, B. grandis,
B. speciosa, Dryandra cuneata and
D. falcata. This report is the first record of a
Zythiostroma sp. on Banksia and extends
the geographic and host range of
Cryptodiaporthe.
If you see canker develop within the
Banksia stand, management techniques
will need to be developed to control the
outbreak and prevent spread to other
sections of the plantation.
Applications of phosphite sprays strengthen
the plant’s immunity and help prevent the
disease taking hold.  Isolation pruning, that
is cutting diseased stem material, leaving
only healthy stems and removing the
affected material from the site, will help to
lessen the spread of these diseases.
Remember to burn all infected material off
site.
A fungicidal regime will also be necessary
as a control measure.
Other diseases affecting
banksias
B. hookeriana is prone to a grey discoloura-
tion of the blooms, especially during cooler,
rainy weather. This is a mixture of yeast-like
fungi. Protectant sprays of mancozeb can
be applied if required.
A Capnodium species has been found to
have caused a black sooty mould on
B. coccinea. Usually this is a fungus which
feeds on the honey dew from insects such
as scale and aphids.  However in several
cases, no insects could be found and the
current theory is that the mould is simply
growing on nectar produced by the blooms
themselves. A copper spray could be
applied as a protectant.
B. hookeriana from the Geraldton area
recently turned up a real menagerie of
fungi on the leaves (Stemphylium,
Trichothecium) and stems (Cladosporium,
Alternaria, Pleospora and Diplodia). These
may or may not be pathogens. All have the
potential to infect plant material but are
more generally regarded as weaker
pathogens.
Pythium root rot can also affect Banksias.
The spread from water sources can be
controlled through special filtration or
chlorination of irrigation water.
Ghost fungus is a mass of hard fungal
growth (can be up to 25 cm across) that
protrudes from the lower stems; this fungus
has a green glow in the dark.
Sooty moulds attack the leaf and stem,
impeding photosynthesis and rendering the
product unmarketable.
Phytophthora root rot
Dr Chris Dunne, (formerly Dieback Project
Officer, Dieback Working Group)
Phytophthora cinnamomi is a common and
devastating pathogen of Banksia within
horticultural plantations and native plant
communities in Western Australia. The soil-
borne pathogen causes root rot or collar rot
in infected plants, often resulting in death.
Phytophthora cinnamomi in our
native plant communities
P. cinnamomi was first introduced into
Western Australia by the European settlers
and has since become very widespread in
native plant communities from Eneabba to
Esperance. Plant communities within the
higher rainfall areas (400-600 mm plus) are
the most affected. The disease caused by
the pathogen in our native plant
communities is often referred to as jarrah
dieback or Phytophthora dieback.
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Over 40 per cent (2300) of native plant
species in the south-west of Western
Australia are known to be susceptible to
Phytophthora dieback.  Unfortunately, over
50 per cent of the State’s rare or
endangered plant species are very suscep-
tible (for example, B. brownii) to the patho-
gen. All 12 populations of B. brownii that
are known to exist in the wild are being
devastated by the disease.
Phytophthora cinnamomi in Banksia
plantations
Cultivated Banksias infected by
P. cinnamomi often die suddenly and, as a
consequence, the disease has become
commonly referred to in Western Australia
as ‘sudden death’ syndrome. The majority
of Banksia species cultivated in Western
Australia are highly susceptible (B. baxteri,
B. hookeriana, B. coccinea, B. prionotes,
B. menziesii, B. ashbyi, B. burdettii and
B. speciosa) and only a few eastern
Australian species have been reported to
be resistant (for example, B. ericifolia and
B. integrifolia).
A recent survey reported that 40 per cent of
Banksia plantations in the south-west of
Western Australia were infected by
P. cinnamomi.  The pathogen is present in
both nurseries and field plantings. It has
been estimated that direct loss due to
Phytophthora disease was at least
$223 million in Australia for all horticultural,
ornamental and pasture crops for the year
1991-1992. The disease is also common in
other cultivated wildflowers including
Boronia, Chamelaucium, Dryandra,
Leucadendron, Leucospermum and Protea.
Signs and symptoms of Phytophthora
cinnamomi
P. cinnamomi is a root rotting pathogen that
infects the fine roots of the host, but in
some cases can girdle major tree roots or
collars. The majority of infections occur
during the spring and autumn months when
soil moisture levels and soil temperatures
combine for the ideal conditions required
for the sporulation of the pathogen. Once
the pathogen enters the root system of
susceptible plants, primary symptoms of
infection are evident as advancing fronts of
dead plant tissue (lesions) in the inner bark
of roots and stems.
The above ground symptoms of infected
plants include stunted growth, wilting,
yellowing of the leaves and often death
(Figure 11.3). The pathogen ultimately kills
the host by destroying the roots and
girdling the base of the stem, thereby
depriving the plant of access to nutrients
and water. As a result, infected plants often
die at the end of summer when their water
requirement is at a maximum. As a conse-
quence, symptoms of P. cinnamomi infec-
tion are often confused with symptoms of
drought. The pathogen can persist in soil
for long periods in the absence of a host or
during unfavourable environmental con-
ditions, only to recover and re-infect when
conditions are suitable.
Figure 11.3 Lesion caused by Phytophthora
cinnamomi in cultivated Banksia species.
Figure 11.2 The impact of Phytophthora dieback
in a natural stand of Banksia brownii near Albany.
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How is Phytophthora cinnamomi
spread?
P. cinnamomi is often introduced into
disease-free plantations by infested soil or
infected plant material from nurseries. It is
also possible that new infections may arise
from the movement of soil, plant material,
soil water or stream water from surrounding
properties and native plant communities. In
particular, open cut dams are commonly
found to be contributing to the spread of
the pathogen around a plantation if used
for irrigation. Once the pathogen becomes
established within a plantation, the
diseased area will continue to expand via
the movement of mobile spores in wet or
damp soil.
Detecting Phytophthora within
plantations
If growers suspect that P. cinnamomi may
be present within their plantation it is
essential that the plantation is promptly
assessed for the presence of the pathogen.
Furthermore, when viewing prospective
land for a new planting it is important to
determine if Phytophthora is present on the
property, or in surrounding areas. Growers
may choose to either engage a profes-
sional consultant for the assessment or
conduct the sampling themselves and then
send samples to a diagnostic laboratory for
identification (for example AGWEST Plant
Laboratories).
Growers who choose to conduct the sam-
pling for themselves should consider the
following points:
1. Ideal plants for sampling are those
showing early symptoms of
P. cinnamomi infection such as wilting,
yellowing of the leaves or stunted
growth. Plants that have completely died
are probably too far gone for accurate
diagnosis. Growers can significantly
increase the chance of recovering the
pathogen by sampling plants with
lesions at base of stem. Lesions can
usually be observed by carefully remov-
ing a little bark tissue at the base of the
stem using a sharp knife, making sure
not to cut too deeply into the plant.
2. Plant material should be sampled in
preference to soil as it is more likely to
produce a successful identification of
the pathogen. The samples should
include the intact roots of the plant and
the base of the stem up to a height of at
least 20 cm.
3. It is also important that a sufficient
number of plant or soil samples be
collected to increase the likelihood of
recovering P. cinnamomi. When collect-
ing soil make sure to collect at least
500 g per sample, from a depth of 0 to
20 cm.
4. Follow the advice of the plant patholo-
gist at the diagnostic laboratory for how
best to label, package and transport the
samples for identification. Although it is
best to keep the samples cool and moist
during storage and transport, do not
refrigerate the samples below 5°C or
store above 25°C for an extended
period.
The identification of Phytophthora species
is often achieved by ‘baiting’ the soil or
tissue samples. Baiting refers to a tech-
nique in which the sample is immersed in
water with baits (usually Eucalyptus seiberi
cotyledons or Lupinus angustifolius
seedlings) floated on the surface. If
present, P. cinnamomi releases mobile
spores that subsequently infect the baits.
Figure 11.4 Field symptoms of early
Phytophthora infection include stunted growth,
wilting and yellowing of the leaves.
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The baits are then removed, examined
microscopically and the pathogen can then
be easily cultured and identified. Baiting
using apples and pears can also be a
useful technique when sampling open cut
dams for the presence of P. cinnamomi.
Control of Phytophthora cinnamomi
The use of an integrated approach
combining a range of different control
measures is recommended to control
P. cinnamomi. It is important to note there
is no single control application that can
sustain control in Banksia plantations.
Potential control measures include hygienic
nursery management, quarantine, resistant
varieties, root stock development,
improvement of drainage, and chemical
and biological control.
Physical control
Growers should implement a number of
physical strategies aiming to prevent new
introductions, reducing the population
levels of the pathogen and inhibiting
disease development. Effective strategies
include:
• restricting soil movement within a
property;
• avoiding the introduction of soil from
external sources;
• manipulating soil drainage to reduce
waterlogging and surface water events;
• implementing sound hygienic practices
such as raised benches within nursery
areas and the regular cleaning of mobile
farm equipment.
As the pathogen is difficult to control once
infection has occurred, prevention of new
infections is the highest priority. It is
essential that all new plant material brought
into a grower’s nurseries/plantations should
be checked for symptoms of infection.
Obvious symptoms include a staining or
softness of the stem, collar and roots.
There is increasing evidence to suggest
that the use of some fungicides in
nurseries can suppress symptoms of
disease, therefore all new stock must be
treated as potentially infected. It is highly
recommended that plant material is only
purchased from nurseries with a Nursery
Industry Association accreditation for site
hygiene. This provides reassurance that
the nursery uses practices such as sterili-
sation of potting media, general hygiene
and water filtration/disinfection. Banksia
growers should adopt similar practices
within their own nursery areas and screen
any new material before planting it into
their plantation.
Chemical control
A range of chemicals are used to control
P. cinnamomi in horticultural settings,
including the sterilisation of water, use of
fumigants and fungicides. As the pathogen
can multiply in open water supplies such as
dams, streams and open tanks, it is impor-
tant to filter or sterilise any water that is to
be used for irrigation. Often the sterilisation
of water can provide added advantages of
providing algae-free pathways and drains,
cleaner benches and equipment and reduc-
tion of blockages developing in pipes and
sprinklers.
• Fumigation
Chemical fumigants, such as metam
sodium, have been widely used in
nurseries and intensive horticulture as a
pre-planting sterilisation technique. How-
ever, these fumigants are expensive,
extremely toxic and can have a significant
environmental impact.
• Phosphite
Arguably the most effective fungicide for
widespread use against P. cinnamomi is
the systemic fungicide phosphite
(phosphonate). Phosphite can be applied
as a foliar spray, soil drench or by trunk
injection. Phosphite is commonly used to
control a number of Phytophthora species
in a range of horticultural crops. It is
relatively inexpensive, non-toxic and
hypothesised to be degraded in soil by
other fungi and bacteria. It is important to
note that phosphite cannot prevent disease
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development if environmental conditions
are favourable to the pathogen.
Phosphite has two modes of action that
work in combination within the host plant to
arrest the disease. Firstly, phosphite acts
by directly inhibiting the pathogen within
plant tissue. This inhibition has been
associated with biochemical changes and
physical containment of the pathogen.
Secondly, phosphite can act indirectly by
enhancing the host plant’s defence
mechanisms.
Biological control
Biological control can be defined as the use
of natural organisms (for example, bac-
teria, fungi, viruses) to control pathogens.
Biological control can be adapted for use in
intensive nursery applications and for
management of larger areas.
There are two approaches to biological
control - enhancing host resistance or
creating an unfavorable environment for
the pathogen to infect host plants, or to
survive. Common biological control meth-
ods include use of antagonistic microbes,
development of resistant rootstocks, plant
breeding, plant selection, use of hardwood
composts, soil solarisation and biofumiga-
tion. Similar to chemical control, greater
control is achieved if the technique is
applied prior to exposure to the pathogen.
• Plant breeding, selection and root-
stocks
Banksias that are resistant to P. cinnamomi
(for example, B. ericifolia and
B. integrifolia) could be used preferentially
for breeding new varieties or as a source
for rootstock development. Plant selections
for breeding and rootstock development
can significantly increase product yield and
quality. It has been demonstrated that
combining the use of resistant plants and
fungicides completely suppressed symp-
tom development of P. cinnamomi.
• Compost and mulch
The incorporation of hardwood mulches is
a common practice to reduce root-rot in
other horticultural crops (for example,
avocado). Composted hardwood bark has
been shown to suppress a range of
different Phytophthora species, including
P. cinnamomi. The addition of compost to
soil suppressed sporulation by
P. cinnamomi, resulting in reduced density
and survival of the pathogen. This suppres-
sive effect of composts can be attributed to
a number of factors, including the chemical
nature of leachate, temperature achieved
during the composting process and micro-
bial suppression.
Figure 11.5 Injecting cultivated Banksia with
phosphite.
Although phosphite is considered to have
low toxicity, phytotoxic responses have
been reported in a number of different plant
species. For example, at application rates
above 1 per cent active ingredient (a.i.),
many Banksia species have unacceptable
phytotoxic responses. However, application
rates of phosphite below 1 per cent a.i.
have been shown to be effective in reduc-
ing colonisation of the pathogen in Banksia.
Phytotoxic responses include foliar
necrosis, defoliation, growth abnormalities,
reduced pollen fertility and yellowing of the
leaves.
A number of wildflower growers in Western
Australia have reported limited success
with the use of Phosphite to control
P. cinnamomi. It is possible that this limited
success may be partly due to incorrect
usage of the fungicide. Errors to avoid
include using an over-diluted solution,
forgetting to include an appropriate
surfactant or allowing too long between
applications.
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• Soil solarisation
Soil solarisation refers to the use of solar
energy to heat the topsoil and is often
described as polyethylene or plastic
mulching. The soil is solarised by tarping
the topsoil with thin (~100 mm) transparent
plastic fastened on the side.
The soil temperature increases during
solarisation due to two factors. Firstly, the
plastic sheeting prevents heat loss by
evaporation/convection and thereby heats
the soil. Secondly, water droplets form on
the inner surface of the plastic sheeting
and heat the soil via the greenhouse effect.
To ensure the highest possible soil
temperatures are achieved, solarisation is
usually conducted during the summer
months for a minimum of 4 to 6 weeks. It is
essential that the soil is kept moist and is
cultivated prior to tarping to reduce air
pockets in the soil that can reduce the
efficiency of conduction.
Soil solarisation has been reported to be
effective in controlling P. cinnamomi and a
range of other Phytophthora species. The
nature of suppression achieved by soil
solarisation is hypothesised to be due to a
combination of physical and biological
factors, including the heating of the topsoil
to temperatures greater than 50°C and the
increase in the populations of suppressive
soil microflora. Temperatures over 36°C
have been reported to be sufficient to
destroy P. cinnamomi in soil.
Increased suppression of the pathogen can
be achieved by combining solarisation with
other control techniques, including biofumi-
gation. Soil solarisation is cheap, non-toxic
and an easy alternative to chemical fumi-
gation.
• Biofumigation
Biofumigation refers to the incorporation of
Brassica plants into soil to suppress soil-
borne pathogens and pests. Interest in
biofumigation has increased in recent years
due to restrictions on the use of synthetic
fumigants and the trend in many horti-
cultural industries to reduce the use of
dangerous chemicals. The incorporation of
Brassica juncea tissue into soil has been
shown to suppress the growth, sporulation,
survival and infective ability of
P. cinnamomi.
The suppressive effect has been attributed
to a number of toxic chemicals released
during decomposition of Brassica plants
when incorporated in soil. Of these
chemicals the volatile isothiocyanates
(ITCs) are considered to be the most toxic.
Suppression of some fungal pathogens by
the ITCs liberated from Brassica plants has
been shown to be superior to the synthetic
fumigant metam sodium.
To optimise the suppressive effect of
biofumigants, particular care needs to be
taken to grow the best possible Brassica
crop and growers need to be aware when
and how to best to incorporate the Brassica
tissue into the topsoil.
Summary
P. cinnamomi is the most common and
devastating disease of Banksias in
Western Australia. The pathogen causes
root rot in infected plants and can lead to
greater than 50 per cent plant losses
depending on location. As P. cinnamomi
can be difficult to control once introduced to
a plantation, preventing its accidental
introduction in the first place has to be of
the highest priority. No single control
application can sustain control of the
pathogen in Banksia plantations; therefore,
an integrated approach combining a
number of control measures is
recommended.
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Integrated control of Phytophthora cinnamomi in Banksia
plantations
No single control measure is able to sustain control of P. cinnamomi in Banksia
plantations.  Therefore, the use of an integrated approach combining a range of
different control measures is recommended. Below is an example of an integrated
control plan that Banksia growers may use as a model for a similar plan for their
plantation.
To prevent the introduction of Phytophthora cinnamomi:
1. Survey site, irrigation water source and surrounding vegetation for P. cinnamomi.
2. Restrict vehicles, equipment or workers with dirty footwear that may be carrying
soil from entering plantation to prevent the introduction of the pathogen. Implement
a hygiene policy that requires vehicles and equipment to be clean of soil before
entering the plantation area. Construct a foot bath at entrance to plantation to allow
for the cleaning of workers’ footwear. At all costs do not allow soil or plant material
to enter the plantation.
3. Implement a nursery hygiene policy including:
(a) use raised benches;
(b) sterilisation of reticulation water or use scheme/bore water;
(c) install a hard, free draining material for floor surface (for example, gravel, hard
rock);
(d) only use sterilised potting mixes and soils
(e) always screen any new plants before planting out into the plantation and only
buy plants from accredited nurseries.
4. If the plantation is prone to flooding it will provide ideal conditions for the pathogen.
Consider improving the drainage of the site to prevent waterlogging or excessive
surface water ponding.
If P. cinnamomi is likely to be present in the plantation:
1. If possible avoid planting in areas infected with P. cinnamomi and conduct a pre-
planting control technique to reduce the level of the pathogen in the soil, for
example, fumigation with metam sodium, soil solarisation or biofumigation using
Brassica juncea.
2. Use regular applications of phosphite between spring and autumn. It can be
applied as a foliar spray or by trunk injection.
3. If irrigation water is collected from an open cut dam, sterilise with chlorine, ozone
or UV before use.
4. Apply composted hardwood mulch before planting and re-apply every year.
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CHAPTER 12
Flowers – giving the market what it wants
Gerry Parlevliet, Senior Development Officer,
Department of Agriculture and Food, Western Australia, and
Christine Storer, Agribusiness Lecturer,
Muresk Institute of Agriculture, Curtin University of Technology
The reason for growing flowers and other
floricultural crops is to deliver a first rate,
quality product that appeals to the con-
sumer, is value for money and encourages
repeat sales. By doing this successfully the
grower earns a living and gets a fair return
on capital invested. This chapter is
designed to help producers achieve that
outcome.
Who is in the market?
Ultimately the market is the consumer. The
flower product will need to appeal to con-
sumers as they browse the retail outlet or
catalogue.
However, there are often many stages
between the grower and the ultimate
consumer. These include wholesalers,
exporters, auctioneers, florists or buyers for
supermarkets and the local shop manager
(Figure 12.1).
Each of these will have specific require-
ments but all are trying to entice con-
sumers to spend their money on flowers.
You as a grower will deal with parts of this
chain depending on your circumstances,
but the requirements are very much the
same.
This chapter will cover a large number of
these stages but more technical details can
be obtained in the reference material and
future information packages.
It is a global market
Not only is it a global market but the
competition is strong. Flowers are grown
around the world and often in countries with
lower cost structures or closer to our main
markets. Western Australian producers can
compete only if their product stands out
from the crowd in terms of quality,
presentation and uniqueness; however, it
still has to represent good value for money.
How do we compete?
In short, we need to make sure we:
• are planting varieties that are going to
achieve good returns;
• grow these to match stem length and
disease/insect free status;
• schedule them to target the right time
• pick them at the right stage;
• immediately place them in water to hold
their temperature and moisture;
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and 
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 Intermediaries provide transportation, aggregation, financing and other services. 
Figure 12.1 Cut flower supply chain.
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• keep them in the shade or in a cool
insulated vehicle;
• get them to the packing shed fast;·
treat or disinfect flowers carefully to
ensure insect free status; pulse or treat
with preservatives, sugar or appropriate
treatment; treat with STS if appropriate;
and trim to a uniform length and grade
to uniform lines in both colour, size and
shape;
• place flowers in the right size sleeve or
carton. Cool rapidly to 2°C and move to
the market in insulated or preferably
refrigerated trucks with a holding
temperature of about 2°C;
• transfer the flowers immediately to the
wholesaler/exporter/florist’s cool-room;
• distribute the flowers to florists/retail
outlets/consumers in insulated or
refrigerated trucks or vans;
• ensure exporters transfer the flowers
from their warehouse to the overseas
consumer quickly and directly while
maintaining cool temperatures.
At each stage care needs to be taken to
ensure the product is uniform. One poor
flower will discount the whole lot. Labelling
bunches with varietal names and giving
unique or different wrapping to specific
florists may help create loyalty. The brand-
ing of product works to create loyalty - this
can be on a State basis or by individual
exporter or grower.
What is the product?
Flowers or foliage can be used in many
ways, for example, in vases, bouquets
arrangements and wreaths.
The products needed by the florist and
arrangers come in several categories:
• display flowers;
• focal fillers;
• fillers;
• foliage.
Generally, display flowers are larger, more
striking and more colourful and obtain the
better price. Flowers such as Banksia,
Waratah and Blandfordia are some of the
Australian native flowers used in this way.
The focal fillers could include rice flowers,
Leucadendron, some Waxflowers and
some Thryptomene.
The fillers are low cost flowers that are
used to increase the size of the bunch and
provide colour contrasts. They include
waxflower (both in flower or bud) and
baby’s breath.
The foliage is used to provide contrast and
back-drop to other flowers. It bulks up the
arrangement with low cost material.
Domestic or export markets?
Export markets differ from domestic
markets and have different requirements. It
would not be worth incurring the high cost
of transport to send simple field flowers to
Europe. The same applies to relatively low
value heavier material. The export market
needs to be provided with high value
products that can attract good prices.
Domestically the same can be true but
there is generally a place for lower cost
bulk flowers.
Flowers are a luxury product and compete
with other luxury products such as confec-
tionary and wine for the discretionary
spending money of the consumer. So, who
is this consumer and what do they want?
What do our customers want?
Because cut flowers are a luxury product,
consumers demand a certain standard of
quality and value for money. Some of the
quality aspects are colour, freshness, stem
length, freedom from pests, fragrance and
vase life. Local experience suggests that
colour, freshness, disease-free status,
value for money and good presentation are
major determinates for buying decisions.
Fragrance is a personal issue, some
consumers prefer it; others reject it
because of allergies and sensitivities.
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What do the florists want?
Florists have a wide range of clients from
large corporations to senior citizens.
Consumers vary and may be modern
home-owners, special occasion buyers and
people of many ethnic backgrounds.
Florists need to cater for the ethnic and age
demographics in their area since the differ-
ent ethnic and age groups in the market
have different requirements. For example,
young people prefer white and pastels,
people from South-east Asia prefer colour-
ful flowers and do not want white, while
some European groups like field flowers.
Florists deal directly with the consumer and
get immediate feedback. They are also
held more accountable for quality than bulk
retailers and casual outlets. Therefore vase
life is especially important for florists
because customers will bring back
purchases to them for refunds, whereas
they would not do so to supermarkets. This
has to do with the expectation of the
florists’ professionalism and the fact they
specialise and are expected to know the
product.
The consumer wants value for money from
the florist - a lot for a little – and this means
better presentation.
Florists need a wider range of foliage for
arrangements and they are finding this in
short supply. Foliage is used to provide
bulk and contrast and ensures the
consumer gets value for money.
Florists consider that supplies need to:
• be uniform, tidy, and well presented;
• have good stem strength - this can be a
problem due to forced growth by
producers;
•· have quality;
• be free of disease such as Botrytis.
They need varietal labels to help describe
the flowers’ characteristics so that people
can learn how to get optimal results with
the flowers.
Florists may also be interested in seasonal
flowers and variety to spark their artistic
interests.
They want to differentiate their product
from that of other retailers such as super-
markets. This may mean that growers or
wholesalers provide different wrapping and
labelling. Otherwise the florists have to
repack into new wrapping at a higher
labour cost.
Consumers want to choose and run which
means arranged products are sitting on the
shelf. Durability and freshness are critical.
Vase life of at least five days is needed for
corporate arrangements to last the week.
What does the wholesaler want?
The wholesaler reflects the needs of the
consumer in that they need:
• value for money;
• vase life;
• quality;
• the cool chain maintained from the farm
to the shelf.
Although they can get some types of
flowers all year round, in some seasons the
vase life is poor. For example, tulips in
summer have poor vase life and are not
worth stocking. Wholesalers would like a
better indication of vase life in different
seasons. Often when growers stretch
production seasons it is more costly, quality
is not as good and shelf life may not be
good under those conditions.
Different flowers have different popularity
through the season.
What does the exporter want?
Exporters in Western Australia range from
people selling only their own product, to
others who deal with many growers and
very large numbers of buyers in many
countries. They have continual contact with
buyers in our major markets and have to
respond to the market signals.
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The indication is that the market for
Australian natives is healthy and expanding.
What do importers want?
• what they ordered;
• on time;
• in good condition;
• with correct documentation.
Australia finds it hard to compete with low
cost producers of bulk flowers in South
America, Africa and Asia. To compete in the
international market Australia needs a
marketing edge. This revolves around new
flowers and products and improved quality.
New varieties are always in demand by
overseas buyers, so these will allow us to
hold markets and link sell our older
varieties. The Department of Agriculture and
Food and other research groups in Australia
are carrying out continuous breeding and
selection for new hybrids and varieties.
These may have better colours, bud size or
vase life.
What are consumers buying?
In most world markets, the majority of sales
comprise the traditional flowers - carnations,
chrysanthemums and roses. The same
applies in Western Australia. However, as
the market matures and consumers buy
flowers more actively they become more
interested in flowers from different places.
The increase in tulips grown in Australia and
sold on the domestic market is testament to
this. Similarly overseas markets are buying
Australian natives and South African
proteas because they are different and
colourful. This demand in the mature
markets of Germany, Netherlands and
Japan (where traditional flowers only make
up 50 to 55 per cent of purchases) is driving
the sales of our Australian natives.
However, in all these markets foliage is also
in demand.
Undoubtedly promotion about our flowers
and the uses they can be put to would
change consumption patterns.
The Spanish and USA markets are
described as immature markets and sales
of traditional cut flowers are significantly
greater than those of other flowers.
When do they buy?
In immature markets, flower sales are most
often associated with days such as
Mother’s Day, Valentine’s Day, Christmas,
Easter and various personal occasions
such as birthdays, anniversaries, funerals
and weddings.
In Western Australia, Mother’s Day is the
most important day for consumers to buy
flowers; about 37 per cent of consumers
buy all the flowers they purchase in a year
at this time.
Valentine’s Day and Christmas are the next
most important days; however, nowhere
near as many people buy at that time. Days
such as ANZAC Day and Father’s Day are
not particularly important. This partly
reflects the limited number of flowers
bought for males.
Birthdays are by far the most significant
reason for purchasing flowers for special
occasions. Other occasions that have been
looked at - such as funerals, anniversaries,
visiting relatives, dinner invitations and get
well messages - are not high on the list of
occasions. This may be partly due to other
options such as a bottle of wine for the
dinner host, partly because the occasions
do not stand out as rating flowers, or
because it is not traditional to give flowers.
Although functions like graduation balls are
not high on the list, they may provide
opportunities for flowers not suited for other
markets, for example, short stem roses or
carnations for button holes.
In markets such as Japan, the Netherlands
and Germany consumers are more likely to
buy for self-consumption and are also more
likely to take flowers to family functions or
dinners. The Japanese are very particular
about this. There, the gift and the value of it
are carefully calculated depending on the
people it is being presented to - traditionally
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they have purchased very high quality
products such as fruit as gifts when visiting
or for special occasions, rather than bottles
of wine or chocolate bars.
How often do they buy flowers?
Only a very small portion of the people who
buy flowers buy weekly or fortnightly. The
majority buy no more than four times a
year.
At this time, in the Western Australian
market, consumers tend to buy for special
occasions and special days such as
Mother’s Day, birthdays, funerals and
Valentine’s Day. They tend not to buy often
for their own uses.
This would suggest that with improved
availability, promotion, presentation and
quality, consumers could be convinced to
increase total consumption of flowers.
Where are flowers sold?
Increasingly flowers are being sold through
a larger range of outlets. Traditionally it was
the florist with a few roadside sales. Other
retailers are selling wider ranges of product
in the general trend to make themselves a
convenient one-stop shop and to capture a
greater share of the retail dollar. This
means that flowers have appeared in
supermarkets, service stations, corner
shops, transport terminals, hospitals and
liquor shops.
Increasing quantities of floriculture pro-
ducts are being sold by telephone and
through the Internet.
Each of these retailers generally has a
specific target market and may not be
providing head to head competition. For
example, supermarkets, service stations
and roadside retailers are more likely to
target the impulse buyer who is likely to be
prepared to spend a smaller amount of
money. By contrast the consumer looking
for a gift for a special occasion such as an
anniversary is more likely to go to the
professional florist and be prepared to pay
more.
As a result the retail outlets’ needs are also
somewhat different.
The likely impact of supermarkets wanting
larger supplies of uniform lines at consis-
tent prices and delivery dates of specified
quality and type is that there will be
pressure on growers to more tightly meet
these specifications. The increased sales
from outlets such as service stations will
also require specific quality and price
considerations.
Maintenance of the cool chain
All stages of industry expect the same
quality and freshness that can only be
obtained through keeping cool tempera-
tures right through the chain.
This means each part of the chain has to
do its job. The emphasis needs to be on
keeping the flowers at a temperature of
2°C at all times. All components of the
industry need to take responsibility for their
product to ensure Australia maintains a
good reputation.
Cool temperatures need to be accompa-
nied by ethylene scrubbing. This is particu-
larly important when the ethylene sensitive
flowers are transported with other
commodities like fruit and vegetables.
The chain starts with the grower who needs
to consider having cool rooms and having
insulated vans to transport flowers from the
field to the shed. When arranging transport
of product to the wholesaler or the exporter,
ensure the transporter has insulated refrig-
erated capacity. The same applies when
wholesalers transport flowers to the retailer
or florist.
In the past there have been many problems
with flowers warming during transport by
air. This has often happened because of
lack of cool store facility at the airports, in
transit and when travelling with other cargo.
It can also happen when product is moved
from one plane to another if on an indirect
flight. At times cargo is off-loaded when the
plane needs extra fuel.
The Banksia Production Manual
12-6
Exporters need to ensure the freight
forwarders and agents have access to cool
room facilities at the point of arrival.
Packaging
Packaging has been shown to be important
for a number of reasons. Firstly, it allows
the mixing of different flowers into cartons
to reduce handling and enable flowers to
be freighted direct to florists.
Secondly, different carton size in different
markets will also help.
Distinctive cartons, for example using
colour or labelling, can also make products
stand out.
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CHAPTER 13
Post-harvest management of Banksia
Dr Kevin Seaton, Research Officer,
Department of Agriculture and Food, Western Australia
To maintain the best quality, Banksias
should be harvested in the cool of the
morning and moved into the packing shed
as soon as possible to avoid blooms
heating up and dehydrating.
Banksias are preferably picked when no
more than 20 per cent of florets are open
along a bloom. Picking at a later stage can
result in some of the older florets drying,
reducing the fresh look of the flowers.
Banksia leaves dry quickly and cannot be
readily re-hydrated. Also florets can dry
quickly if left in the heat for short periods.
This greatly reduces the freshness of
flowers and their saleability. To avoid this,
Banksia stems should be placed in water at
the earliest possible stage.
Harvesting should be managed to avoid
gluts that lead to stems being left in a heap
on the packing shed floor.
Galls on Banksia leaves are unsightly and
stems bearing these should be culled from
harvest.
Once in the packing shed the lower 15 to
20 cm of leaves should be stripped from
stems. This can be done using a machine
designed for the purpose.
Stems are then graded, re-cut to length
and stood with ends in 10 cm of clean cool
water (20ºC). If necessary, 50 to 100 ppm
of chlorine in water can be used, to aid
water uptake. Banksias do not respond to
floral preservatives such as 8-
Hydroxyquinoline sulphate, sucrose or
silver thiosulphate.
Figure 13.1  Banksia prionotes bloom
ready for export.
Banksias are generally not bunched but
packed and sold as individual stems.
Buckets containing Banksias should be
moved into a cool room at 1 to 4ºC as soon
as possible after processing.
Stems should be moved to markets as
soon as possible although Banksias can be
cold stored. Banksia prionotes has been
found to store well over four weeks pro-
Figure 13.2  Banksia hookeriana blooms
showing (left to right) changes during aging,
from fresh orange open florets and pink
unopened florets to blackening of open florets
and a dirty look of unopened florets over a
period of 12 days.
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vided the blooms are dipped in fungicide
and a high humidity storage atmosphere
maintained during storage, by means of
plastic bags or wet newspaper.
The storage life of Banksias depends on
the quality of flowers, age and species.
Before attempting to store large quantities
of flowers, commercial test batches should
be made.
Ideally the cool chain should be maintained
to markets.
If Banksias are to be sold dry, they should
be tied up in bunches and hung upside
down in the roof of a dry shed to allow
quick drying.
Disinfestation
Apart from looking for the Banksia boring
moth which lays eggs in immature
Banksias and causes obvious damage to
developing blooms, field monitoring should
also cover a wide range of other insects
that are attracted to flowers. Preventative
measures should then be adopted.
Harvested blooms should be inspected for
insects feeding on nectar such as thrips,
aphids and leafhoppers. These are best
removed in the field by an appropriate
spray program. At harvest, care should be
taken to remove any insects trapped in
florets such as bees. These insects may
need to be shaken from bunches prior to
post-harvest disinfestation.
An integrated management approach
should be used to ensure clean flowers are
delivered to market. This will consist of
insect monitoring in the field and spraying if
required then a post-harvest disinfestation
program.
Insect monitoring can be done by sampling
bunches of flowers, shaking them out over
a white surface and estimating the number
of insects present. This method also allows
the type of insect to be identified, which will
aid in selecting a suitable insecticide treat-
ment to be used if necessary (see
Farmnote 90/88). The other approach is to
install white sticky traps in the field and
estimate insect numbers weekly or fort-
nightly. By keeping records of when the
numbers get high it will be possible to
estimate when spraying is necessary. In
Western Australia, insect numbers are low
from July to mid September, then increase
as the weather warms up. Numbers tend to
peak when surrounding pasture or crop
dries off in mid October and insects
migrate onto Banksias seeking a food
source. The exact timing will depend on
location. Banksia species that flower late
spring to autumn such as. B. attenuata,
B. baxteri and B. menziesii are at highest
risk of being infested with high insect
numbers. Flowers should be sampled and
insect numbers per bunch estimated after
spraying, to determine the effectiveness of
the field spraying treatment.
As methods available for post-harvest
disinfestation are limited to aerosol spray-
ing, it is critical to have a management
program in place to remove as many
insects as possible before harvesting. This
will greatly improve the effectiveness of the
post-harvest treatment program.
Post-harvest disinfestation
Banksia are generally not suitable for dip-
ping as this washes pollen from the florets
and also causes a matting of the styles on
drying, making them unsaleable (however
there is a place for dipping Banksia candles
– the immature flower spikes).
Aerosol treatment is preferred using
insecticides such as Pestigas®P and
Insectigas®D. Flower stems standing in
buckets of water are spaced out in an
insulated gas tight room fitted with an
exhaust facility and held at 20ºC. The room
is set up with a fan to circulate the pesti-
cides through the bunches of flowers. First
Pestigas®P is injected into the room to
achieve a concentration of 2.6 to 5.2 mg
(pyrethrin)/m3 followed, in half an hour, by
Insectigas®D 32 to 64 mg (dichlorvos)/m3
and held for two hours. The room is
exhausted by remote control and fresh air
circulated in the room, the flower buckets
are then removed.
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The four principles to follow when applying
insecticide are:
• use the correct insecticide, with a
wetting agent if required;
• use the correct rate;
• get good coverage;
• apply at the correct time, repeating at
appropriate intervals.
Table 13.1 Insect control program for
Banksias - check list
1 Regularly check for small galls caused by the 
gall wasp and remove any infected 
branches. 
2 Check the base of stems just below the soil 
surface for ringbark weevil damage and 
drench with insecticide if discovered.  
3 Regularly check for leaf tip webbing moth 
larvae from March onwards and spray with a 
pyrethroid as required. 
4 From September onwards check insect 
numbers, particularly thrips.  Once numbers 
exceed 10 per bunch spray weekly until stem 
harvesting is complete.   
5 Be on the lookout (particularly in October) for 
scarab beetle infestations and use 
knockdown insecticide to remove them 
before harvest. 
6 At pruning remove and dispose of any gall 
affected stems from bushes to prevent 
reinfection by the wasp.  
Read the safety directions and application
directions on the label before applying any
insecticides.
Most of the rates listed in Table 13.2 have
been used successfully on other orna-
mentals. However, because of the wide
diversity of species being grown, adequate
control in all situations cannot be guaran-
teed. When using the insecticides listed,
you do so at your own risk.
Further reading
Seaton KA, Joyce DC (1993) Effects of low
temperature and elevated CO2 treatments
and of heat treatment for insect disinfesta-
tion on some native Australia flowers.
Scientia Horticulturae 56.
Storage conditions for ornamental crops,
Farmnote, Department of Agriculture and
Food, Western Australia 71/01.
Cooling cut flowers and foliage, Farmnote,
Department of Agriculture and Food,
Western Australia 72/01.
Post-harvest insect disinfestation treat-
ments for cut flowers and foliage,
Farmnote, Department of Agriculture and
Food, Western Australia 89/99.
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Table 13.2 Useful insecticides registered for use in Banksia
Pest Chemical Trade name Insecticide (added to 100 L water) Comments 
Aphids 
(e.g. Cowpea aphid) 
dimethoate 
maldison  
Rogor® 
Maldison® 
75 mL of 400 g/L 
100 mL of 500 g/L 
Systemic. 
Low toxicity to humans. 
Adult beetles and weevils 
(e.g. Catasarcus weevil) 
carbaryl Bugmaster® 200 mL of 500 g/L Toxic to bees and 
beneficial insects. 
Caterpillars 
(e.g. native budworm) 
carbaryl 
endosulfan 
permethrin 
Bacillus 
thuringiensis 
Bugmaster® 
Thiodan® 
Ambush® 
Dipel® 
200 mL of 500 g/L 
190 mL of 350 g/L 
20 mL of 500 g/L 
50 g of 16,000 g/L 
Ambush may cause leaf 
burn in some species. 
 
Biological insecticide; 
safe on beneficials; 
may not kill all types of 
caterpillars. 
Leafhopper and sucking 
bugs 
(e.g. Rutherglen bug) 
endosulfan 
  
dimethoate 
maldison 
Thiodan® 
  
Rogor® 
Maldison® 
190 mL of 350 g/L 
  
75 mL of 400 g/L 
100 mL of 500 g/L 
 
Thrips dimethoate 
maldison 
Rogor® 
Maldison® 
75 mL of 400 g/L 
100 mL of 500 g/L 
 
Grasshoppers carbaryl 
maldison 
maldison 
Bugmaster® 
Maldison® 
Maldison® 
200 mL of 500 g/L 
500 mL of 500 g/L 
Bait 50 mL/1 kg bran 
 
 
Mix bait in plastic bag. 
Leave overnight. 
Spread thoroughly. 
This information in Table 13.2 is provided as a guide only and information was current as of October 2006. Mention of a trade
name or company in this publication does not imply endorsement of any product or company by the Department of Agriculture
and Food, Western Australia. The examples of trade names are not exhaustive and no preference is intended. It is essential to
read the label of any pesticide prior to use.
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CHAPTER 14
Cool chain management of Banksia
By Aileen Reid, Development Officer and Dr Kevin Seaton, Research Officer,
Department of Agriculture and Food, Western Australia
Management of the supply chain to
maintain quality must start in the field.
Post-harvest management is discussed
elsewhere. It is crucial to maintain the fresh
product at low temperatures throughout the
supply chain. Pick early in the day, place in
shade and transport to packing sheds in
covered or cooled trucks, process quickly
and place in coolrooms.
Ensure the packed, fresh Banksias are
transported from farm to market in
refrigerated trucks and ensure export
logistics are arranged to maintain that
temperature to the end customer.
The next few sections discuss the practical
considerations of cooling and storing the
product.
Cooling Banksia
Plant material should be cooled as soon as
possible after harvest to minimise dete-
rioration. Cooling does this by reducing:
• respiration rates;
• water loss;
• ethylene production;
• sensitivity to ethylene;
• microbial development (spoilage).
For example, cooling Banksia flowers from
20ºC to 0ºC reduces the respiration rate by
93 per cent.
Ideally, once flowers are cooled they should
be kept cool, because cycles of warming
and cooling may produce condensation on
the flowers leading to Botrytis and other
storage diseases.
Cooling methods
Room cooling
The simplest method of cooling cut flowers
is to stand them in buckets of preservative
solution in a cold room. If circulation of cold
air around the blooms is adequate, they
cool quickly. The main disadvantage with
this method is that it is not space efficient.
If packaged flowers are being stored in the
same area, the fluctuations in temperature
are not ideal, but generally not a problem
unless the storage is long-term (that is,
weeks rather than days).
If the flowers are packed in sleeves or
cartons while still warm, room cooling is not
very effective because of poor air
circulation. More sophisticated cooling
techniques are needed. Room-cooled
flowers that re-warm during packaging may
also benefit from subsequent cooling within
the carton.
Cold walls
This is the best cooling method for
everyday use by larger growers/exporters
and requires a dedicated coolroom. Figure
14.1 shows the components of the system.
The coolroom itself is designed with twin
walls or plenums and baffles on both sides,
and a gap at the top to allow air circulation.
Boxes of flowers are brought into the
coolroom on a conveyor belt and stacked
against the wall as shown in Figure 14.1.
Along the top of each cold wall is a row of
tarpaulins on rollers. These are attached to
the wall just above the air gap. When
pulled out over the top of each stack of
cartons they help direct the airflow back
into the plenum.
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Figure 14.1 Schematic diagram of pressure cooling flower cartons
inside coolroom.
Fan behind vents blowing air
chilled by an external refrigeration
unit into the coolroom
Warmed air returns
to refrigeration unit
Conveyor belt brings flower
cartons in after being packed
100 mm
weldmesh
70 mm
gap to
coolroom
wall
Roller blind
Chilled air drawn
through cartons
The refrigeration compressor that drives
the system may be situated some distance
from the coolroom provided the pipe work
is well lagged. In the coolroom, cold air is
blown out into the room with a large fan.
This causes a vacuum in the ducts above,
which helps pull the air through the boxes
and up into the wall, where it is returned to
the compressor to start the cycle again.
Temperature probes are placed in the
boxes to monitor the cooling process and
record the temperature of the air space in
the boxes. Once the air inside is thoroughly
cool, a little extra time is required to ensure
that the product itself is also cooled to the
same temperature. The cartons are then
transferred to another coolroom where they
are stored before shipping.
Pressure cooling
Pressure, or forced air, cooling is the
cheapest and most flexible way of cooling
packaged flowers fast. The technique
involves drawing a stream of cold room air
through the cartons of flowers. The move-
ment of air through the boxes must be
unrestricted.
At least 6 per cent of the area of each face
through which air enters or leaves the
cartons should be holes or preferably slots
(to minimise the risk of
blockages). The pathway
for airflow in the box
should not be obstructed
by carton liners, packag-
ing material or flowers
packed too tightly.
Ideally, after cooling and
before unrefrigerated
handling, the ventilation
slots should be closed
by folding down fibre-
board flaps or by apply-
ing stickers. A fan is
used to draw cold room
air through the cartons.
By arranging flower
cartons on the cold room
floor in two rows with a
space of about 60 cm between them, then
placing a fan at one end of the space and a
plastic tarpaulin over the top of the space
and resting on the cartons, a simple
pressure cooling system is produced.
Flower cartons, being relatively long, are
placed only one wide in each of the two
rows. Reinforcing battens are sewn into the
tarpaulin at about half metre intervals to
prevent the cover from caving in when the
fan is running. When the fan is on, it sucks
air out of the central space (plenum),
drawing cool air through the cartons via the
vents at both ends of the cartons.
Axial flow (or propeller type) fans are more
economical to run than centrifugal fans.
The required volume flow rate of air against
the anticipated pressure drop in the central
plenum must be estimated. The volume
flow rate is defined as the airflow in cubic
metres per hour per carton multiplied by
the number of cartons to be cooled. For
flowers it is appropriate to base calcu-
lations on about 150 cubic metres of air per
hour per carton. Thus, for 30 cartons in two
rows of 15 (Figure 14.1):
Volume flow rate:
= 150 m3/h/carton x 30 cartons
= 4500 m3/h
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A 25 per cent safety margin should be
added:
4500 m3/h x 1.25 = 5625 m3/h
The pressure drop specification, between
the outside of the pressure cooling system
and inside the central plenum, can be
determined by experimentation to give
rapid and efficient cooling in combination
with a compatible volume flow rate, but
about 250 Pascals (Pa) is a realistic
pressure drop across flower cartons. A
safety margin of 25 per cent should also be
added:
250 Pa x 1.25 = 312.5 Pa
Figure 14.2 shows a typical pressure drop/
volume flow relationship for an axial fan
with a maximum flow rate of 3800 m3/h. For
a pressure drop of 312.5 Pa, this fan would
draw only about 1300 m3/h. For our
example with 30 cartons, either a fan with
greater capacity should be selected or
fewer cartons should be cooled at any one
time.
capacity to remove the heat. It is generally
enough to cool flowers to 87 per cent cool
(for example to 2.5ºC for flowers initially at
20ºC which are held in a 0ºC cold room).
Beyond 87 per cent cool, only small
decreases in temperature are obtained for
lengthy increases in cooling time (Figure
14.3). Simple thermocouple thermometers
can be used for monitoring flower tempera-
tures during cooling.
Figure 14.2 Typical pressure drop and volume
flow relationship for an axial flow fan.
A reliable supplier of quality fans can assist
with choice of equipment. A fan speed
controller and a timer will provide a variable
flow system that stops when the pre-set
cooling period is over.
Pressure cooling systems will cool flowers
in between 10 and 80 minutes, provided
that a balanced system is designed and
that the refrigeration plant has sufficient
The tarpaulin system described is only one
of a range of designs to cause cold air to
flow through flower cartons. Cold walls,
where cartons are placed against slots in a
rigidly walled plenum in the cold room, are
also used for flowers. Air-jet conveyor
cooling could also be considered. In this
system, flowers in unlidded boxes pass on
a conveyor under nozzles through which
cold room air is directed onto them.
Vacuum cooling
The most sophisticated way of cooling cut
flowers and foliage is vacuum cooling. This
method is suited to crops, such as flowers,
with a high ratio of surface area to volume.
Nevertheless, there is some risk of
excessive water loss with vacuum cooling.
At reduced pressures, water boils at lower
temperatures than it does at normal atmos-
pheric pressure. For example, at 0.6 kPa
(about 0.6 per cent of atmospheric
pressure), water will boil at 0ºC. As water
Figure 14.3 Typical pressure cooling curve for
cut flowers.
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vaporises from plant material it draws heat
energy from it. This is what cools the plant
material.
To cool 1 kg of plant material by 1ºC would
require the evaporation of about 1.85 g of
water. To cool 1 kg of plant material by
20ºC (say from 25ºC to 5ºC) would there-
fore require evaporation of 20 x 1.85 g, that
is, 37 g of water. This represents a loss of
3.7 per cent of plant weight. Such a big
loss of water may be unacceptable for
some flowers, as it could bring them close
to wilting.
Another disadvantage of vacuum cooling is
the high cost of the equipment. Fortunately,
there is a cheaper and more flexible alter-
native: pressure cooling.
Other methods
Rapid cooling methods involving free
moisture, such as hydro-cooling, top-icing
and liquid-icing, are not appropriate for cut
flowers and foliage.
Enhancing rapid cooling
Where possible, flowers and foliage should
be cut in a cool part of the day, such as
early morning. In hot areas, night picking
could be a viable proposition where large
areas are to be harvested.
Material cut in the day should be shaded
from the sun. Avoid too much delay
between picking and cooling.
Packing sheds can be insulated and
cooled. Evaporative cooling is useful,
particularly when ambient humidity is low.
Packing and grading areas may be air-
conditioned or even refrigerated to about
15ºC.
Thanks to Daryl Joyce for his contribution
to the early work on this topic.
Storage conditions for Banksia
As soon as flowers are harvested they
begin to deteriorate. Correct post-harvest
handling is essential to maximise vase life
and maintain flower and foliage quality.
Dehydration is the major factor leading to
deterioration of flowers and foliage. It can
be minimised by controlling temperature
and relative humidity during post-harvest
storage.
Temperature
You need to know optimum storage
temperatures for storing flowers. Most
temperate crops are not chilling-sensitive
and can be stored between 0 and 2°C for
long periods without significant loss of
quality. Product freezing must be avoided
and, because of temperature fluctuations in
coolrooms, it is not always safe to set
temperatures close to zero.
If possible, harvesting should be in the cool
of the day to avoid field heating of flowers.
Once flowers are harvested they should be
removed from the field and cooled as
quickly as possible after processing.
Relative humidity
High humidity should be used with low
temperature storage. Maintaining high
humidity (95 to 98 per cent) around
harvested product, reduces water loss.
Dehydration greatly affects quality, causing
wilting and shrivelling. The use of PVC,
ethylene absorbing wraps or newspaper
can greatly assist in maintaining humidity.
Care needs to be taken to prevent damage
from respiration gas build up by wrapping
flowers too tightly.
Flowers may need to be dipped in fungi-
cides to prevent damage from diseases
during storage.
Storage recommendations
Storage requirements for many Australian
native cut flowers have not been evaluated
and, since many species are seed grown
and genetically variable, results are often
inconsistent. The storage conditions
recorded in Table 14.1 are those where no
notable adverse effects on quality have
been reported in various scientific papers
and review articles.
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Ethylene
Methods for reducing ethylene in
storage and transit
Potassium permanganate
This is usually sold in sachets for use in
small spaces such as cartons of flowers in
transit. It is more useful when used to
intercept incoming ethylene in cartons, but
less effective in removing ethylene pro-
duced within the carton due to the very
small concentration gradients.
Ozone
This is still largely experimental. Ozone is
also highly reactive and thus difficult to
handle. It is toxic to humans, and direct
exposure to plant material is phytotoxic.
Controlled atmosphere (CA) storage
This is used primarily for fruit in Western
Australia. CA stores are expensive to
construct and the atmosphere inside is
lethal to humans, so strict guidelines and
procedures must be followed. While CA is
beneficial for some ornamental species, the
size and structure of the Banksia industry
does not warrant their use.
Modified atmosphere/active packaging
A number of measures to optimise storage
of product while in transit can be used.
There is a range of packaging materials
being trialled and used to varying degrees.
These may be active or passive and can
help modify gas (carbon dioxide, oxygen,
ethylene) levels by a number of means.
Keeping flowers cool
To keep product cool, insulated cartons,
icepacks or dry ice inside cartons can be
used.
Table 14.1 Storage conditions for Australian native cut flowers
Species Storage period (days) Conditions 
Initial 
vase life 
Final 
vase life 
Banksia prionotes (blooms) 14-28 1°C, dry 15 5,7 
Banksia prionotes (leaves) 7-28 1°C, dry 18 16,13 
Small temperature loggers are readily
available and growers can use these to
monitor temperatures in transit to pinpoint
problems.
Transport
With Banksia cooled and stored on the
farm under ideal conditions, the next limit-
ing sections of the supply chain are the
truck transporting the product to the
exporter, wholesaler or airport.
Many growers are now buying second-
hand refrigerated trucks to cart their own
material. Another option is to make
arrangements with refrigerated trucks
returning empty from deliveries to regional
shopping centres. Many of these travel
across all parts of the State. Mutually
convenient arrangements can be made to
utilise that capacity.
Avoid transporting Banksia with ethylene
producing fruit.
Air transport
There have been experiences of flowers
being left on the tarmac at airports of
departure in the hot sun for many hours.
This effectively removes any benefit of
previous cooling and is likely to increase
risk of disease and flower deterioration.
Make personal arrangements to ensure the
flowers are either received into a cooled
freight facility or delivered to avoid this
delay.
International flights are often connecting
flights and flowers are off-loaded and
transferred to other planes. Occasionally
the flowers are left on the tarmac without
cooling.
Look as much as possible for direct flights
or use airlines that have a quality service.
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Importing markets
The further away these markets are, the
more chance of a breakdown in the cool
chain. However, having good relations with
your importers and ensuring they are
aware of the benefits of the cool chain will
encourage them to work on their end of the
chain.
Cool chain and branding
Once the integrity of the cool chain is
complete, quality and vase life are able to
be delivered and arguably guaranteed.
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CHAPTER 15
Grower profiles
Jenny, Greg and Clinton North
Green Range, Western Australia
Jenny, Greg and Clinton North grow
Banksia on a property at Green Range east
of Albany. They also operate a flower
wholesale/packing business which services
other growers in the region.
The Norths have been growing Banksia on
the property since 1996 and now have
around 7 hectares under cultivation. The
Banksias are grown on deep grey sands or
on shallow sandy duplex soils with a
500 mm annual rainfall.
Along the long road to the present they
encountered many ups and downs and, in
retrospect, realise they have made the
occasional mistake.
The focus is on Banksias, with small areas
of Eucalyptus, Dryandra and Hakea. They
have chosen to grow a range of species to
ensure diversification of risk, utilisation of
infrastructure and year-round workload for
themselves and their workers.
They recognise the heavy physical work
involved in carrying out the operations and
strongly recommend that it is a game for
younger players. They reckon 55 is getting
a bit old to start.
Banksia species grown by the Norths are:
• B. baxteri;
• B. coccinea;
• B. brownii;
• B. speciosa;
• B. attenuata;
• B. menziesii;
• B. prionotes.
The wide range of species and the year-
round supply allows for the development of
supply arrangements with buyers even for
the less desirable product.
New plantings
All new plants at this time are seedlings
from selected seed grown by a nursery.
Figure 15.1  Greg North pruning Banksia baxteri.
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They select for colour, head size and
uniformity. At one time the Norths grew
their own seedlings but they decided it was
more cost effective to have others grow the
seedlings. However, they consider the
reliability of the plant sources is critical to
avoid plant loss from disease and root
binding.
Currently they do not use cuttings for new
plants as these are not available, but they
are considering doing their own cuttings to
obtain more uniform plants.
Land preparation
The Norths normally plant into old crop and
pasture paddocks. Their establishment
routine is:
1. Spray area (in year prior to planting) with
a knock-down herbicide.
2. After first rain, spray again using knock-
down (Roundup®) and a herbicide
(Hammer®) for sorrel control as
required.
3. Rip, mound and lay Weedmat in a single
operation using equipment developed
on the property.
4. Then cut the Weedmat, plant the seed-
ling and apply fertiliser.
Although they recognise the need to test
soil and water for quality, disease and
nutrients, they have only carried out limited
testing.
In the past, plant spacing for B. baxteri was
at 5 m by 2 m but Greg and Jenny have
increased this to 7 m by 3 m to make it
easier for vehicles and picking. They do not
opt for a hedgerow effect because they do
not consider this works well enough for
them.
All Banksia is grown on 7 m row spacing
but within row plant spacing varies for each
species. B. baxteri, B. brownii and
B. prionotes are on 3 m spacing,
B. speciosa is on 3.5 m and B. coccinea,
B. attenuata and B. menziesii are on 2.5 m
spacing.
Irrigation
The water storage on the farm is
11,500 m3. Not all plants are watered as
this depends on the soil type. However,
those that are watered get about four litres
per hour. The length of time depends on
the seasonal conditions.
Nutrition
The Norths use a natural fertiliser blend
and apply soil microbes. This is applied in
autumn and spring. From time to time they
fertigate with a complete fertiliser mix using
quantities calculated from Department of
Agriculture and Food, Western Australia
information. They occasionally apply a
foliar spray. No soil tests are carried out to
help plan fertiliser needs.
Insect, disease and weed
management
Weeds around plants are removed by hand
for the first two years, after which the only
weed management is mowing and slashing
the inter row space.
A routine preventative spray against
Banksia boring moth and weevils is applied
monthly using a mister. A fungicide is
added to the mix. Another insect related
problem is Banksia gall.
Canker occurs in B. coccinea and also
B. baxteri. Affected plants are removed.
There is regular flower damage caused by
insects or honey possums nibbling the
individual flowers at an early stage.
Pruning
The pruning program starts in year one
when plants are trimmed at 50 cm to pro-
mote branching and very low shoots are
removed by hand.
In year two, lower shoots are removed. In
year three, picking and pruning happens at
the same time. In year four, they start using
mechanical pruning equipment.
B. coccinea is mostly hand pruned at
picking time, even when plants are mature.
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B. baxteri has in the past been trimmed
with a hand hedge trimmer. But a new
tractor mounted hedger has been pur-
chased and will be used for all heavy
pruning. Some finishing will be done by
hand.
The machine will allow pruning to be com-
pleted very quickly, reducing the risk of
damaging new flower shoots. The machine
is cleaned and sterilised between rows.
Harvesting and post-harvest handling
All harvesting is done by hand with regular
cleaning of secateurs. When harvesting
B. coccinea, sterilising and cleaning of
secateurs is done even more frequently.
Those stems destined for the fresh market
are given a drink of water by standing them
in buckets (these are cleaned with
chlorine). The stems are then packed.
Those destined for the dry market are not
given water. Other growers do not pack but
deliver the flowers to the wholesaler shed.
Individual stems are cut to length, graded
on the table and the head and leaves are
checked.
Harvest/post-harvest practice is driven by
the wholesaler, who pays less for Banksias
that have not been provided with water
after harvest. This can be detected by the
change in flower colour.
Yields
Yields are dependent on the age of the
bush and the level of pruning; however,
mature plants should be getting 30 to 35
stems per plant for B. coccinea and 40 to
50 for B. baxteri. Most species give a very
low initial yield in year three and are fully
productive by year five or six.
Quality
Jenny looks for a good head (5 to 8 cm)
and checks for insect damage. Export
flowers are generally 60 to 70 cm stems
with tight flowers and good heads. Shorter
stems are also sold.
Other issues
The distance from Albany does reduce
access for frequent transport for fresh
flowers and increases costs.
The Norths have direct contact with their
buyers and suppliers with ongoing feed-
back on quality and other issues. They like
to work with reliable buyers and adjust their
marketing accordingly.
GR & JD North Flower Wholesalers
39234 South Coast Hwy
Green Range   WA   6328
Tel: (08) 9847 3060
Fax: (08) 9847 3060
E-mail: northsflowers@bigpond.com
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Ross Backhouse
Narrikup, Western Australia
Ross Backhouse grows Banksia on a
property at Narrikup, north of Albany. He
also carries out other farming enterprises.
Ross does not use cuttings for new plants
as they are not available.
Land preparation
Ross normally plants into old pasture
paddocks. His establishment routine is:
1. Spray area with a knock-down
(Roundup®) and a tussock or sorrel
control (Brush-Off®).
2. Use disc plough and run it two ways
along row.
3, Spray with pre-emergent chemical.
4. After rain, plant.
Soil tests were carried out prior to planting
to determine if soils on the property were
free from Phytophthora.
All Banksias are planted at 5 m by 2 m
spacings. While this works well for
B. coccinea, Ross would change to wider
row spacings of 7 m by 2 m for all future
plantings of other Banksia species.
Irrigation
None of the Banksias are watered from the
time they are planted out.
Nutrition
While initial fertiliser regimes used a slow
release Osmocote® fertiliser, Ross now
uses a natural mineral fertiliser blend.
Insect, disease and weed
management
Ross wants to minimise the use of sprays.
He uses Roundup® around plants. Some
tussock is removed by hand; other weeds
are managed by mowing and slashing the
inter row space.
Canker can get out of hand in B. coccinea.
He cuts out affected limbs and burns the
prunings. No other disease has been
detected.
Ross detected Banksia boring moth and
has been involved in the testing of moth
pheromone traps. Native weevils also
cause damage to some plants, particularly
B. hookeriana.
Figure 15.2  Ross Backhouse with his Banksia
baxteri.
Ross has been growing Banksia on the
property since 1996 and now has around
2 hectares under cultivation. Banksias are
grown on deep grey sands in 700 mm
annual rainfall.
Banksia species grown include:
• B. baxteri;
• B. coccinea;
• B. hookeriana;
• B. menziesii;
• B. prionotes.
The B. baxteri and B. coccinea split the
work into two times of the year, allowing
Ross to carry out other work. The
B. hookeriana, B. prionotes and
B. menziesii have been grown in small
areas to determine suitability. The
B. menziesii is being expanded whereas the
B. prionotes is being removed.
He also grows small areas of Berzelia,
riceflower, Verticordia and Erica.
New plantings
All new Banksia plants at this time are
seedlings grown by a local nursery.
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There is regular flower damage by insects
or honey possums nibbling the individual
flowers at an early stage.
Pruning
The pruning program starts in year one
when very low shoots are removed and
shaping occurs.
In year two Ross prunes to keep the shape
and lower shoots are removed.
In year three he tends to take out shoots
below 300 to 600 mm then helps shape
and train.
In year four he uses a hedge trimmer to
prune the top of the plant to Ute height and
prunes the sides to about 1 m either side of
the trunk. He is aiming for a hedge and
does not prune between plants. All varieties
are done the same way.
The B. baxteri is pruned very heavily every
third year to get it back to appropriate size.
Yields are down the following year.
Harvesting and post-harvesting
All harvesting is done by hand.
Ross machine strips leaves of B. baxteri
then grades, trims and bunches the flowers
before quickly taking them to the
wholesaler for packing.
The B. coccinea stems are leaf stripped by
hand. The B. hookeriana, B. prionotes and
B. menziesii are leaf stripped in the field.
Quality
Ross has a good relationship with his
wholesaler and considers he gets good
loyalty - and gives it in return. The result is
an occasional down grading of stems
rather then rejection.
He sells all grades (A, B and Dry) so has
little waste.
Yields
Yields are dependent on the age of the
bush and the level of pruning; however,
mature plants should be getting 40 to 50
stems per plant. Most species give a very
low yield (five stems) in year three and are
fully productive by year five or six.
Other issues
Ross firmly believes growers should share
information – he, like others, has done
some things right and some things wrong.
The knowledge needs to be shared. Ross
does not consider the Banksia grower ‘next
door’ or ‘down the road’ as being in
competition with him.
Figure 15.3  Banksia baxteri rows, Narrikup.
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Mary Whitehead
Millicent, South Australia
Location/farm outline
The Banksia Company is located at Furner
near Millicent in the south-east of South
Australia.
Owned and established by Dale Baker of
Baker Group, it has been managed by
Mary since 1992 with husband Tony as
Field Manager.
The property is set in undulating grey
sandy hills with terra rosa outcrops, in a
740 mm annual rainfall area that is
susceptible to both spring and winter frosts.
The original block of 50 hectares was
planted within existing native tree belts
between 1983 and 1988, with an additional
20 hectares planted in 1994 on an old pine
plantation.
Objectives of the company
The Banksia Company aims to maintain
and grow their reputation as a grower and
wholesalers of premium quality wildflowers
in a profitable manner.
While their priority is to keep their
customers happy under the motto ‘our
customers are our business’ they also
strive to ensure a safe workplace for
employees.
Diversifying from farming to flowers
The plantation owner, Dale Baker, was
interested in Banksias and wanted to
diversify his farming enterprises.
Commercial native flowers had been
successfully grown in the area for 15 years.
Tony and his parents had established a
mixed native flower plantation in 1978
which was growing well.
As cut flowers need well drained sandy soil,
the plantation was established on land of
little use for traditional farming.
Why Banksia?
‘We like them!’
There was a strong demand when the
plantation established as there was a lack
of cultivated Banksia available.
The plantation established with the export
market in mind, so the plantation was
mostly Banksias at that time. Today a wide
variety of other species of wildflowers are
also grown on the property.
Banksias are more difficult to grow so were
thought to be more profitable than the more
widely grown proteas.
Main varieties:
• B. baxteri;
• B. coccinea;
• B. menziesii;
• B. prionotes;
• B. praemorsa;
• B. burdettii.
Unfortunately B. hookeriana is not well
suited to the area and it does not grow well.
Area of production and yields
Large blocks of original Banksia plantings
are being removed and newer much
smaller areas of younger Banksias are
planted and in production.
2004 total sales and production
estimates
B. baxteri 100,000 stems
(expect 25 stems per plant)
B. coccinea 120,000 stems
(expect 25 stems per plant)
B. menziesii 50,000 stems
(expect 15 stems per plant)
B. prionotes 20,000 stems
(expect 25 stems per plant)
B. praemorsa 25,000 stem
(expect 10 stems per plant)
B. burdettii 10,000 stems
(expect 25 stems per plant)
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Establishing Banksia plants
1. Soil test.
2. Add NPK at 200 kg per hectare.
3. Add lime to soil at 1 tonne per hectare.
4. Deep rip rows 1.2 m apart.
5. Plough then re-rip plant rows, plough a
slightly raised bed and leave for weed
germination.
6. Spray with Roundup®.
7. Plant locally propagated seedlings
(cuttings trialled lacked vigour).
8. Plant spacings 1.2 m rows, 4 m apart
and 100 m long.
9. Spray with fungicide for any emerging
leaf problems with Dithane®.
species, it is controlled by spraying with
Dominex® or Fastac® in December, January
and February.
Feral deer cause significant damage,
marking their territories by smashing
bushes and ring barking plants. ‘Always the
best bushes! Management – don’t ask!’
Rabbits and hares eat new plants as fast
as we plant them so we use grow bags at
establishment.
Frost is a major constraint with
temperatures of minus 4°C the coldest
most years (minus 7°C in September 1994
that destroyed many B. coccinea flowers,
but luckily the bushes survived).
Frosts have ruined many B. coccinea
flowers over the years – perhaps 80 per
cent of flowers in some areas.
B. coccinea are now planted only on the
highest areas and our local growers supply
excellent quality blooms!
The other Banksias usually cope well with
the frosts.
Figure 15.4  Rows of Banksia in South Australia.
Irrigation system and scheduling
A drip irrigation system is set up across the
property. Irrigation rates are set at 4 litres
per hour drippers, for two hours, three
times per week during establishment, then
once per week for four hours after the first
two years.
Tensiometers are not used for irrigation
scheduling. Banksias are not fertigated.
Managing pests
B. prionotes require fungicide spray to
control leaf disease. There are no other
significant disease problems with Banksias.
Thrips in B. baxteri are sprayed with
Dominex® as needed. While Banksia boring
moth is a problem in winter flowering
Figure 15.5  Banksia coccinea flowering.
Mechanisation
Flowers are hand picked and pruned – air
pruners are used for pruning. Grading
machines, purchased from Holland, have
decreased labour costs dramatically and
increased our efficiency so more blooms
can be processed per day.
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A Van den Berg bunching line is used only
to trim Banksia stems to length as the
bunched Banksias are too bulky.
Banksia bouquets are now made on the
bunching line. This has dramatically
reduced RSI problems – no twisting when
applying rubber bands and no jarring using
bunch cutters. The bunch line is mainly
used to handle Leucadendron, Dryandra
and bouquets.
Marketing the product
Figure 15.6  Slashed inter rows.
Figure 15.7  Staff processing flowers at the
Banksia company.
Mary markets the flowers from the Banksia
Company plantation as well as those of
many smaller local growers. These growers
deliver their flowers already graded which
are then put in water in the coolroom until
packing. Our packers take out any inferior
blooms as they go but our suppliers’ quality
control is generally good. All lengths of
blooms are accepted from growers and
they can bring all their produce each week
for most of the year.
Flowers are graded according to length
only, with no separate export or domestic
grade. The Banksia Company aim to
supply good quality flowers to all their
customers. Those requiring cheaper
flowers get shorter flowers.
Longer B. coccinea are very much in
demand. Shorter flowers are more difficult
to sell in glut periods.
Figure 15.8  Grading flowers in the packing
shed.
B. baxteri have been a very good export
crop generally, but the last two seasons
were disappointing as prices dropped
considerably.
B. menziesii are very popular with domestic
customers while B. prionotes are not. But
there’s not much else around at that time
so they do sell.
B. burdettii leaves dry out too easily so are
not exported but their bright colours, small
heads and lighter stems make them appeal
to many customers.
B. praemorsa was planted as a windbreak
and has long bright flowers. While produc-
tion per bush is low, every bloom is a
bonus.
The main target market for The Banksia
Company is domestic. This works well with
production 12 months of the year, and the
domestic demand and return is much more
stable.
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They also sell (fixed price) to exporters in
Melbourne and Sydney – the majority of
our Banksias are then sent to Europe. This
amount has reduced significantly in recent
years.
Exporting to Japan occasionally, they plan
to increase our shipments with increased
production of Leucadendrons from our new
plantation.
Dispatch occurs several days through the
week to regular customers, wholesalers in
Melbourne, Sydney and Brisbane.
Future of the Banksia industry
Mary is concerned about the future of the
Banksia industry.
Although premium quality flowers will be in
demand, the sheer number available and
the fact that they flower almost at the same
time all over Australia causes huge over-
supply problems at times. This causes
prices to be forced down below profitable
levels. Unless this problem is addressed
the industry will have huge problems.
Increased production of Banksias from
South Africa and Zimbabwe has caused a
drop in the European market. This will not
stop!
Cheap flowers produced in countries with
low labour costs are having a big impact on
export returns.
Late B. coccinea clones are desperately
needed to sell at Christmas.
Quality issues
Mary suggests the following key areas
where research is urgently needed to
enable a long-term sustainable industry:
• variability of flower quality from seed is a
major problem (cannot guarantee the
quality of the flowers from seed
especially in species like B. coccinea);
• timing of the crop is important (need to
be able to supply flowers for the special
days);
• development of clones of Banksias
which have both desired flower quality
and stem length, vase life and flowering
at specific times to meet demand on
special days.
Figure 15.9  Bunching flowers in the packing
shed.
Future plans
• Currently removing the remainder of our
original Banksia plants.
• Reduced acreages of Banksias but will
source from other local growers
enabling a longer production season.
• Increased planting densities on areas of
the plantation that have the best
position.
• More Leucadendrons and other species
which can be picked as the market
demands.
• Move to grow smaller species with more
value per box (counteract freight
expenses).
Manager
The Banksia Company
PMB 52
Millicent   South Australia   5280
Tel: (08) 8734 3085
Fax: (08) 8734 3013
E-mail: banksia@seol.net.au
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Kevin Collins
Mount Barker, Western Australia
These ideas for managing Banksia have
been generously provided by Kevin Collins
from Banksia Farm at Mt Barker, Western
Australia. Kevin has a complete collection
of all the Australian Banksia species. He
operates an educational, tourist, nursery
and consultancy business.
These notes have been developed from
material supplied by Kevin. They should be
read in consultation with the other material
in this book and adapted with the help of
local specialists for your farm.
Planting times
Banksias are best-planted out early autumn
with the first rains. The roots establish
quickly while the soil is still warm. The
plants may stagnate over the colder months
then make new spring growth as the water
seeking roots follow the dropping water-
table. New seedlings must be well watered
in on planting and may need a few drinks
until the rains settle in during autumn.
Alternatively you can plant in spring; how-
ever, trickle may be required or vigilant
hand watering through the first summer and
sometimes the second summer.
Site hygiene
Site hygiene is important to minimise
Phytophthora (dieback) infection. Avoid soil
movement on and off the site. Wash down
machinery before entering the site. Mini-
mise vehicle access. Use a footbath with a
hypochlorite or pool chlorine solution for
pickers and any personnel entering the site.
Dry shoes can be brushed clean of any
foreign soil.
Water requirements
As described for planting. Drip irrigation
would require 4 litres per plant every two to
three days when very hot, and every four to
five days when cooler. Sometimes drip lines
are installed for the first year for establish-
ment, then moved to new rows if doing
progressive planting.
Water is only really necessary once
established for liquid fertiliser feeding
and/or to promote stem growth.
If you are autumn planting in sandplain-
soak country, some hand watering through
the hottest part of the first summer should
be sufficient for establishment.
Banksias are semi salt tolerant. Water
should be ideally 600 mS-1 or fresher.
Soil pH requirements
Generally Banksias prefer soils neutral to
slightly acid. B. coccinea will grow in the
range pH 4.5-6.0, while B. baxteri prefers
pH 5.5-6.5. B. ashbyi, B. hookeriana,
B. prionotes, B. speciosa and the species
that naturally occur on the coastal strip
from Perth to Kalbarri prefer pH 6.5 to 7.0.
To increase pH, add lime or dolomite to the
soil. Apply to the soil surface and cover
with thick leaf mulch or rotary hoe in.
To make limey soils more acidic, add
sulphur.
Correct pH levels will ensure best nutrient
uptake for the specific Banksia species.
Site selection/windbreaks
Most species, except for the six or so
swamp Banksias, require well-drained
topsoil.
North facing slopes if available perform
well. Banksias prefer open sunny sites for
best flowering.
Wind protection is advisable for open flat or
unprotected areas. A low growing bushy
Eucalyptus or Melaleuca, double-row
grown at 100 m intervals across the site,
will provide an ample break from prevailing
winds.
Tree guards are excellent for the first year
of establishment.
Virgin, non-superphosphated land is
preferable, if available.
Frost-free areas are advisable as young
growth can be badly burnt with severe
frosts.
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A known, or tested dieback free area is
advisable.
Fencing/vermin
Tree guards prevent rabbits eating the
young plants.
Kangaroos may nibble some top foliage.
Kangaroos often cause more damage from
breakage than eating.
Ripping/mounding
Necessary on heavier soils types.
Mounding is advisable on seasonally wet
sandy country.
Weed control/mulching
Virgin bush with no weed invasion will only
need to be monitored for weeds.
Spraying with glyphosate (Roundup®) or
appropriate herbicide (depending on weed
types) is needed to remove grass from
rows prior to planting.
Weedmat may be laid; however, there is
much debate about it inhibiting water
access. I have personally never used
Weedmat or the cheaper option, black
plastic.
I maintain weed free rows with half
recommended herbicide application rates.
Young seedlings need to be covered to
prevent spray drift causing problems.
B. hookeriana is the most sensitive to
Roundup®.
Mulched plant material is helpful - for
example, sawdust, pine bark, woodchips,
etc. Ensure it is aged and not too acidic.
Avoid Casuarina or peppermint mulch
which inhibits growth of most other species
of plants. Ensure material is not infected
with disease.
Any or all forms of mulch assist in keeping
down weeds, minimise summer watering
requirements and provide a cool feeding
zone for the roots.
Formative prunings can be left on the
ground to rot as mulch.
Banksias have fine clusters of proteiod
roots which suck low levels of nutrients
from impoverished soils. These same root
systems cannot withstand phosphate levels
greater than 4 per cent of any applied
fertiliser.
Plant spacing
Row spacing varies with the species
selected and the type of machinery used.
Banksias can be grown successfully in
single or double rows. Single provides
better access for weed control and pruning.
Double rows provide more plants per
hectare and competition between plants
can result in longer stem lengths.
Row spacing could typically be 5 to 6 m for
the broader shrubby species such as
B. baxteri, B. speciosa, B. ashbyi,
B. praemorsa, B. hookeriana, B. victoriae,
B. sceptrum and B. menziesii. The taller
narrower species such as B. coccinea,
B. prionotes and B. attenuata typically need
4 to 5 m row spacings.
Row spacing can be slightly less if operat-
ing with ride-on mower sized implements
for mowing, spraying and picking. If a
larger tractor is going to be used, adjust
rows accordingly.
The plant spacing is dictated by the growth
habit of the species – for example,
B. coccinea 1 to 1.5 m apart and B. baxteri
1.8 to 2.5 m apart.
Species selection/flowering times
The following are the currently grown
Banksias for floriculture in the approximate
order of market popularity and demand are:
1. B. coccinea;
2. B. hookeriana;
3. B. baxteri;
4. B. prionotes;
5. B. menziesii;
6. B. speciosa;
7. B. attenuata;
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8. B. occidentalis;
9. B. ashbyi;
10. B. burdettii;
11. B. victoriae;
12. B. sceptrum.
B. plagiocarpa, terminal flowered forms of
B. aemula and B. integrifolia as well as
B. brownii (for foliage) are some of the
latest being grown by industry.
All of the above species except B. ashbyi
are used in the fresh and dried flower
markets. B. ashbyi is only used for fresh
flowers.
Flowering times (these vary slightly for
different regions - for example, most
species growing north of Perth, WA flower
six to eight weeks later in Mount Barker,
WA):
• B. coccinea (May-Nov);
• B. baxteri (Dec-Jun);
• B. prionotes (Feb-Jul);
• B. hookeriana (Apr-Oct);
• B. menziesii (May-Sept);
• B. ashbyi (Jul-Sept);
• B. speciosa (Sept-Jun);
• B. attenuata (Sept-Feb);
• B. aemula (Apr-Jul);
• B. plagiocarpa (Jun–Sept).
Trial plantings are always advisable to see
which species perform the best. It is wise
not to put all your eggs in one basket in
case one type falls from fashion or
becomes over supplied.
Check with other growers in your area to
see how they are faring.
B. coccinea, B. baxteri , B. menziesii and
B. brownii perform well in Mount Barker,
WA.
Pests/diseases/spraying
These may vary from district to district.
Banksia boring moth and weevils
Banksia boring moth lays eggs on the
young buds, which hatch into maggot like
grubs. They chew into the soft buds or new
leaf tips resulting in distorted unsaleable
flowers and foliage. Night weevils chew the
new leaves, which grow with holes in them
rendering the stems also unmarketable.
Close inspection at night for weevils and
eggs or dust from the Banksia boring moth
larvae is extremely important. An insecti-
cide such as Dominex® or Ambush® needs
to be sprayed on the foliage and new
flower buds and the base of the tree where
grubs accumulate. I have found that an
early spring application of Dominex® eradi-
cates these pests. A second application in
early autumn may be required depending
on species selected (that is, flowering
times).
Wingless grasshoppers
These may not be a problem in some
areas. If a plague occurs, spray plants with
Fenitrothion® or Maldison® as required.
Phytophthora cinnamomi (dieback)
Use an uninfected site if possible. Should
infection occur, the plants will look a little
dull in foliage colour and within a week
suddenly die from lack of water, as the
fungus blocks the water intake nodes to the
roots. There is no early warning.
Should you lose a plant, you may choose to
allow for losing a small percentage. The
fungus usually travels or spreads in small
underground streams and kills plants in a
strip. Plants adjacent to the first loss can be
foliar sprayed with Fosject® at 2 to 5 per
cent concentration of the phosphoric acid.
If losses are greater, the whole crop may
require spraying annually. If plants are
older and well established they can be
individually trunk injected with a syringe.
Contact the Department of Environment
and Conservation (formerly CALM)
research centre for the latest application
rates and further details.
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Canker fungus
This is a group of exotic fungi that has
infected some natural stands of Banksia
along the coastline from Hopetoun to
Albany. It is a creeping rot that infects new
tip growth and moves down the branches.
It can be confirmed by scraping the bark
below the dead tip to reveal a black stain-
ing in the cambium layer. Prune off dead
tips well below the stained area and burn
the prunings. Sterilise secateurs between
each pruning.
Very few growers have come across this
problem. It usually attacks (as does
Phytophthora) plants of poor nutritional
health.
Cockatoos and parrots
Both love Banksia seed and will shred the
flower buds looking for grubs.
Remove flowers unsuitable for marketing –
if they are left on the bush, they will form
seedpods and attract birds. Spraying for
moth should eradicate grubs from flower
heads.
Fertilising
Banksias respond to nitrogen but overdose
on excessive phosphorus.
Phosphorus content must be less than
5 per cent, ideally 2 to 3 per cent.
An example of the above is Osmocote® for
native plants (3 month, 6 month or 9 month
slow release). Many growers use this. I
personally use exclusively a fast release
pelletised fertiliser called Nitrophoska
Perfekt™, a German product. Applied early
autumn and again in spring using a soft
drink lid for smaller plants and ranging
through to a small margarine container for
large established plants in flower produc-
tion, spread in the drip zone of the plant.
Other growers have used fish emulsions or
worm castings. Any fertiliser is suitable
provided the phosphorus is around 2 per
cent. Nitrophoska Perfekt™ is around 14
per cent nitrogen, 2 per cent phosphorus
and 16 per cent potassium plus soluble
trace elements.
Deficiencies may show up as yellowing
foliage. Applying iron chelates often
improves plant health. If this fails, foliar
spraying with Mancozeb® or an application
of trace element mix may be necessary.
Pruning
Young seedlings often require the top two-
thirds of an eight-inch high plant to be cut
off; leaving at least four strong leaves for it
to shoot from. Second or even third year
pruning may be necessary to establish a
low well-branched shrub (not unlike pruning
an apple tree).
Once in production, picking the flowers
becomes the pruning.
Pick the stems as long as possible always
leaving two or three strong leaves for it to
branch from.
Tidy pruning is very necessary at the start
and end of picking times to remove any
bendy stems, unpicked reject flowers or
branches touching the ground. Keep a
clean, clear trunk for ease of spraying and
picking and this will minimise insect access
and damage.
B. coccinea needs formative pruning. Many
of the species like B. hookeriana and
B. menziesii branch naturally without
pruning.
Sample production figures
These examples (Table 15.1) are returns
from B. coccinea on The Banksia Farm
property from plants now 10 years old at
current flower prices. They are gross
figures from a well managed plot with
minimal insect and bird damage.
These figures are multiplied up from
returns from a half-acre plot containing
around 250 plants.
Keep in mind the returns depend on market
supply and demand. The flowers are not
always saleable and depend on overseas
market forces. Flowers are the first things
to suffer in a depression.
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Table 15.1 Yields and returns from Banksia coccinea at Banksia Farm
Year Stems  per bush 
< 50 cm  
stem 
50-80 cm 
stem 
> 80 cm 
stem 
Return per ha 
(3245 plants) 
(Year 1) 1992 Nil       Nil 
1993 Nil       Nil 
1994 Minimal       Minimal 
1995 10   $0.30 $0.30 $9,735.00 
1996 25 $0.25 $0.35 $0.35 $32,450.00 
1997 45 $0.25 $0.30 $0.30 $42,185.00 
1998 60 $0.20 $0.35 $0.35 $58,410.00 
1999 65 $0.30 $0.50 $0.50 $89,237.00 
2000 63 $0.30 $0.60 $0.80 $116,495.00 
The overheads are high, as picking and
packaging is labour intensive.
B. baxteri for comparison in single rows
(1320/ha) could produce 60 to 80 flowers
per bush at approximately 30c per bloom in
the sixth year of production – that is, a
gross return of $27,720.
Specific recommendations for your
site
1. It may be advisable to add vegetation
corridors to provide better wind protec-
tion. This is subject to the direction of
your weather.
2. Don’t assume that if your water contains
high iron, that iron chelates may not be
required. It depends on how accessible
it is to the plant - especially for
B. brownii should you choose to trial it.
3. It is wise to know the exact form of the
Banksias you are growing. Are they from
selected floriculture stock? For example,
B. baxteri has several forms. Many
produce thick woody and often bendy
branches whilst others have thin pinkish
straight stems. The flower forms can be
tightly compact and well sought after or
open and often unmarketable.
B. prionotes comes in tree or shrub
forms. Tree forms if heavily pruned
produce longer stems; however, the
flower heads are often excessively
large. Shrub forms struggle for stem
length unless from selected stock
plants; however, the flowers are a more
sought after size.
B. menziesii comes in both tree and
shrub forms and has six colour variants
ranging from yellow to pale pink,
standard pink through to burgundy red,
bronze and brown. These colour forms
are erratic in cultivation and the intensity
of the colours varies seasonally on the
one plant subject to temperature during
the flowering times.
B. coccinea varies from yellow or gold
(rare) to orange, orange red and dark
red. They also have terrific variation in
stem length and leaf and flower size.
The markets are now becoming more
discerning and they like uniformity of
product with premium prices for longer
stems.
The proven and most sought after species
in our region are B. coccinea, B. baxteri
and B. menziesii. Locally it might be worth
trialling B. aemula, B. plagiocarpa and
B. brownii to give you something newer in
our Western Australian market.
The Banksia Farm does grow tube stock of
any type of Banksia and has the widest
selection available anywhere in Australia.
We currently have very limited supplies of
some of the rare and unusual ones such as
B. aemula, B. plagiocarpa, B. cuneata and
B. brownii. B. serrata is also a good foliage
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prospect, while terminal B. baueri, the three
colours of B. praemorsa, B. ericifolia ‘Giant
Candles’ and B. meisneri var. ascendens
(for its gorgeous small yellow button
flowers) all have limited but strong appeal.
Banksia Farm also provides special
floriculture forms of B. speciosa, B. baxteri
and B. coccinea.
It is wise to have a mix of proven, popular
species with several unusual ones for value
adding.
It is well worth paying a little extra for
selected seedlings as the percentage of
high producing plants will be far greater.
The price of seedlings is minimal for the
returns possible. If a plant doesn’t produce
good coloured, long straight stemmed
flowers, it is better to remove it ASAP and
replace it. Similarly if one is slow growing
or doesn’t exhibit the straight habit of its
mates, replace earlier rather than later.
Banksia Farm tube stock is priced on the
selection process, the rarity and difficulty in
growing.
Banksia seedlings, unlike eucalypts,
perform better planted as harder woody
seedlings 100 to 200 cm in size. Small tube
stock 30 cm in size often succumbs to
fungal damping off if any humid conditions
are encountered. We prefer to sell our
seedlings in 70 mm pots at the 100 to
200 cm size.
It is advisable to place orders in July/
August to enable strong seedlings for
autumn planting the following year. Prices
are reduced for orders greater than 100 of
a particular species.
Further reading
George AS (1987) ‘The Banksia Book.’
Kangaroo Press, Sydney.
Wingless grasshoppers and their control,
Farmnote, Department of Agriculture and
Food, Western Australia 62/90.
Wildflower production – Dryandra,
Farmnote, Department of Agriculture and
Food, Western Australia 91/89 .
The management, fertiliser and water
requirements for a commercial Banksia
plantation. 53rd ANZAAS Congress 1983.
‘Dieback Hygiene Manual.’ Department of
Environment and Conservation (formerly
CALM).
Kevin Collins
Banksia Farm
PO Box 132
Mount Barker   WA   6324
Tel: (08) 9851 1770
Fax: (08) 9851 1770
E-mail: banksia@comswest.com.au
Website: www.banksiafarm.com.au
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CHAPTER 16
Management guidelines for remnant vegetation
harvested for cut flowers
Russell Smith and Liesl Rohl,
Department of Environment and Conservation
Background information
These guidelines have been produced for
use by landowners who wish to sustainably
manage their remnant vegetation for cut
flower production. The guidelines will also
assist government authorities to advise on
proposals to manage remnant vegetation for
cut flower production on private land.
It is noted that some techniques that may be
used to improve production of flowers, foliage
or seeds from remnant vegetation may have
the potential to adversely affect the nature
conservation values of that vegetation, and to
contribute to soil and water degradation.
Land managers are thus advised to carefully
assess management practices and their
potential impacts before undertaking bush
management for flower production.
Please note that harvesting of natural stands
of protected flora and any management
actions that result in native flora being
disturbed or destroyed may be classed as
clearing and hence require a Clearing Permit
issued under the Environmental Protection
Act 1986, unless it is done for an exempt
purpose.
All native flora taken from private land,
whether it be harvested from natural or
cultivated stands, may only be sold under a
Commercial Producer’s/Nurseryman’s (PN)
Licence held by the property owner/occupier
or authorised person. Such licences are
issued under the Wildlife Conservation Act
1950 by the Department of Environment and
Conservation. Harvesting of flora for sale
under a PN Licence provide an exemption
from requiring a Clearing Permit.
Where active bush management is proposed,
a sustainable harvesting management plan
may be required to be submitted with the PN
Licence application to demonstrate the
proposed harvesting and management
activities are sustainable, and comply with
the requirements of the Wildlife Conservation
Act and the Environmental Protection Act.
For further information on flora licensing and
clearing permits please contact the
Department of Environment and
Conservation (DEC).
Eight of the most heavily harvested species,
or species of particular concern, were chosen
for the preparation of these guidelines:
• Taxandria (formerly Agonis) sp. (coarse
tea-tree);
• Taxandria (formerly Agonis) parviceps
(fine tea-tree);
• Banksia baxteri;
• B. coccinea;
• B. hookeriana;
• Dryandra formosa;
• Meeboldina scariosa (formerly
Leptocarpus scariosus);
• Verticordia eriocephala.
The recommendations within these guide-
lines are based on information received from
land owners (who are currently managing
these species on their properties), and from
survey, monitoring and research results
conducted in other managed stands.
This project was funded by the Australian
Nature Conservation Agency under the ‘Save
the Bush’ Program, the Department of
Agriculture and Food, Western Australia, the
Water and Rivers Commission and the
Department of Environment and
Conservation (formerly CALM).
Derived from the publication produced by
Department of Conservation and Land
Management (now Department of
Environment and Conservation - DEC) dated
August 1999.
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Guidelines for the sustainable
management of remnant
bushland harvested for Banksia
baxteri and B. coccinea cut
flowers
Introduction
Banksia baxteri and B. coccinea are two
popular species of native flora harvested
for the cut flower industry in Western
Australia. Both species are native to shrub-
lands growing on infertile sands along the
south coast from Albany to near Hopetoun.
Until the early 1990s the majority of
B. baxteri and B. coccinea blooms
harvested were from Crown land. Harvest-
ing of both of these species has since been
banned on Crown land because of the
devastating effects of disease on many
populations. A large number of B. baxteri
and B. coccinea blooms are harvested from
managed bush on private property.
Increasingly, both species are also being
harvested from plantations in Western
Australia and South Australia. The area
under cultivation is continuing to expand.
The purpose of these guidelines is to
advise on the best methods to sustainably
manage B. baxteri and B. coccinea and the
remnant vegetation from which they are
harvested. These guidelines are based on
recommendations by farmers who have
managed and harvested B. baxteri and
B. coccinea blooms from their remnant
bushland, and on research carried out by
the Department of Agriculture and Food,
Western Australia and others.
Biology
Both B. baxteri and B. coccinea are
reseeder species which are killed by fire
and depend on seeds for regeneration.
B. baxteri holds all its store of seeds in the
canopy and continues accumulating this
store until a fire occurs. B. coccinea,
however, releases some seeds between
fires which can germinate in good seasons.
The blooms and seeds of both species are
eaten by weevils and moth larvae.
Cockatoos also damage blooms and cones
in their search for the weevils and moth
larvae.
The peak marketable bloom production
period for B. coccinea from wild stands is
between 10 and 15 years of age, and for
B. baxteri between eight and 20 years.
However, in cultivation at Wellstead,
B. baxteri will flower in its second year and
B. coccinea in its third to fourth year.
The main harvest period for B. baxteri is
from December to February and for
B. coccinea from July to October. Most
shoot growth for both species occurs over
the summer period between November and
February.
Fire
In the absence of harvesting, neither of
these Banksia species will have sufficient
seeds stored in their cones for parent
replacement until about 15 years of age.
Consequently fires should not be any more
frequent than this.
Production of top quality blooms (with
straight stems 50 to 60 cm long) declines
as the plants get older. As a result, some
producers use fire to rejuvenate their
stands. An alternative to fire, especially in
small bushland remnants, is pruning.
However, fire in the long term (25 to
30 years) is a necessary component of the
Banksia shrubland ecosystem because of
its role in the regeneration of legumes and
Banksia seed release.
Recommendation
• The minimum interval between fires in
remnant vegetation being managed for
production of B. baxteri or B. coccinea
should be 20 years.
• Stands should not be harvested the year
before a planned fire to ensure sufficient
seed heads are present to regenerate
the Banksia plant.
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Pruning
Pruning of plantation grown and wild
Banksias is good horticultural practice to
improve the production of commercial
quality blooms.
A trial by the Department of Agriculture and
Food, Western Australia on 11-year-old
B. baxteri in bushland near Wellstead
showed that light pruning (into one to two
year-old wood) increased the proportion of
commercial quality blooms by 80 per cent.
Heavy pruning into four to six year-old wood
decreased bloom production, killing some
of the plants.
The age of stems can be gauged by count-
ing the number of annual nodes (raised
areas on stem formed at the end of each
growth season) back from the growing tip
(Figure 16.1). In general, pruning should
not remove all the green leaves from the
stem being cut.
It takes one to two years after pruning for
bloom production to increase. This is much
quicker than after burning and is an alter-
native to burning for increasing production
from older plants (10 to 15 years) where it is
still too early to burn.
Recommendation
• Pruning carried out using hygienic
methods (disinfecting secateurs with
methylated spirits) can be used as a
method of increasing production
B. baxteri blooms from older plants.
• Prune only one or two year-old wood,
and ensure some green leaves are left
on the stem to assist the stem to re-
shoot.
Fencing
Stock may not cause much direct damage
to Banksias, except after a fire when they
can eat the seedling. They do compact the
soil, cause soil erosion and can spread
plant diseases. Remnant bushland that is
grazed is soon degraded and it is strongly
recommended that bushland used for
Banksia cut flower production be fenced to
exclude stock.
Recommendation
• Remnant bushland being managed for
the production of B. baxteri and B.
coccinea flowers should be fenced to
exclude livestock and should not be
grazed.
Figure 16.1  Annual node on Banksia hookeriana.
annual node
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Harvesting
Research carried out by Curtin University on
B. hookeriana (also a reseeder Banksia
species) in bushland has shown that heavy
harvesting (more than 30 per cent of blooms
in any one season) reduces the general
health of the plant and its capacity to pro-
duce and accumulate seed. It is likely that
B. baxteri and B. coccinea would behave in a
similar way. It is therefore important to
ensure that there will be sufficient seed
reserves to replace the parent plants after
fire - that is, it is necessary to limit the
proportion of blooms harvested in any year
and to give the stand a break from picking
before planned burning.
Recommendation
• Harvesting should not be carried out until
B. baxteri plants are eight years old and
B. coccinea are at least 10 years old.
• Mo more than 30 per cent of blooms
should be harvested in any one year.
• Green leaves should be left below all
harvest cuts.
• A stand should not be picked for a year
prior to being burnt.
Chaining
Chaining just prior to burning is sometimes
used as a method of controlling fire intensity
and increasing the success of regeneration
in B. baxteri stands. However, research
indicates that if the interval between chain-
ing and burning is too long, there will be
seed losses of B. baxteri and other seroti-
nous species (species that store their seeds
in cones that remain attached to the plant).
Recommendation
• Remnant bushland being managed for
B. baxteri and B. coccinea cut flower
production may be chained prior to
burning but the interval between chaining
and burning should not be more than a
few weeks to minimise seed losses.
Note: Chaining vegetation is classed as
‘clearing’ if not done in accordance with an
approved sustainable management plan
under a PN Licence.
Fertilisers
B. baxteri and B. coccinea, like all
Proteaceae, are sensitive to high levels of
phosphorus. The use of fertilisers also
raises nutrient levels in remnant bushland
which leads to an increase of weeds.
Recommendation
• No fertiliser should be applied to remnant
bushland being managed for production
of B. baxteri and B. coccinea flowers.
Disease
Both species are highly susceptible to
Phytophthora root rot and many areas of
bushland containing B. baxteri and
B. coccinea on the south coast are infested.
The Phytophthora pathogen is most often
spread in soil attached to vehicles and on
the bottom of shoes. Great care must be
taken to prevent its introduction or spread.
Harvesting of B. coccinea takes place in
spring at a particularly risky time for spread
of diseases which are most active in warm,
wet conditions.
Aerial canker disease, caused by airborne
fungi, attacks the stems of Banksias. This
disease has caused widespread damage on
the south coast. Plants appear to be most
at risk if they are old or already under stress
from drought or over-harvesting. Open
wounds on stems are a site of entry for the
canker fungi and the disinfection of
secateurs between plants and the use of
pruning paints is highly recommended.
Recommendation
• Effective measures should be taken to
protect bushland being managed for the
production of B. baxteri and B. coccinea
flowers from the introduction and spread
of plant diseases. This can be done by
cleaning all machinery, vehicles and
footwear between each stand, and
disinfecting secateurs with methylated
spirits between plants.
• Dead or dying stems should be cut from
plants, removed and burnt to prevent
disease spread.
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Guidelines for the sustainable
management of remnant
bushland harvested for Banksia
hookeriana cut flowers
Introduction
Banksia hookeriana is geographically
restricted in its distribution to an area
approximately 400 km2 in size between
Eneabba and Arrowsmith on the northern
sandplains of Western Australia.
This species was the leading Banksia in
terms of cut flower production in 1998.
More than 80 per cent of the 1998 harvest
was obtained from Crown land. Premium
(export) prices are paid for blooms that are
large and unblemished, with straight stems
longer than 300 mm.
Concerns have been raised about the level,
and the number of people harvesting
B. hookeriana from the bush and the risk of
disease being spread into the area. As a
result DEC has prepared and implemented
a management plan for the harvest of this
species.
It is likely that an increasing proportion of
B. hookeriana blooms will be obtained from
private property remnant bushland and
plantations in the future.
The purpose of these management guide-
lines is to describe the best methods to
sustainably manage B. hookeriana and the
remnant bushland from which it is
harvested. These guidelines are based an
the large amount of research into species
carried out by Dr B. Lamont and colleagues
from Curtin University of Technology, and
on recommendations by farmers who have
managed and harvested B. hookeriana
blooms from their remnant bushland.
Biology
B. hookeriana is a shrub which grows to
about 3 m high. It is killed by fire. Repro-
duction of this species depends on seeds
stored in its cones, which remain on the
plant. After fire has singed the cones the
seeds are released into the ash bed.
Germination occurs in the first winter after
fire. Flowering occurs three to four years
after germination, although storage of
viable seeds is rare in plants less than five
years old.
Shoot growth occurs between August and
March with most occurring during the
summer. Flower development occurs from
January to September.
Fire
Care must be taken to ensure that stands
are protected from wildfire. If they are burnt
before about six years of age there will not
be enough seed on the plants to replace
the parent plants. Research indicates that
the minimum interval between fires should
be 15 years in unpicked stands and
20 years in harvested stands.
Some producers of B. hookeriana blooms
from private bushland burn their stands
every 10 to 12 years to rejuvenate them. As
the plants get older than 10 years, their
stems become short and crooked, produc-
ing few saleable stems. Best production of
saleable blooms occurs when plants are six
to eight years old.
It is recommended that burning is carried
out in late autumn (May) after opening
rains have occurred. High losses of seed-
lings may occur from drought if burning is
done too early. If the stand is under stress
from drought or disease, intense fire when
the soil is dry may lead to a loss of
B. hookeriana from the bushland. If stands
are diseased, under drought stress, or
over-harvested, it is advisable to increase
the fire interval to 25 to 30 years, to ensure
enough seeds are produced on the plants.
If burning is used as a management tool it
is advisable to separate the remnant
bushland into a number of areas using
firebreaks, so that only part of the stand is
removed from flower production at any one
time.
Another benefit of dividing your remnant
into compartments is if a burn is followed
by a drought year, a locust or rabbit plague
or sheep get into the remnant, not all of the
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remnant is at risk of being degraded - only
the part that has been burnt.
Note that other species at the site combine
with B. hookeriana to form the vegetation
ecology of the area on which its existence
is dependent. Burning frequency also
needs to take these species into account.
Recommendation
• Remnant bushland being managed for
production of B. hookeriana flowers
should not be burnt at intervals of less
than 15 years.
Pruning
At present there is little pruning of
B. hookeriana in remnant bushland. In
plantation trials, pruning has been shown to
increase shoot growth and bloom yield
when appropriate methods are used.
However, pruning to increase the produc-
tion of B. hookeriana blooms has not been
trialled in remnant bush stands. Pruning will
only increase bloom production if it is done
in new (one to two year-old) wood. The age
of the wood can be determined by counting
the number of annual nodes (raised areas
on stem formed at the end of each growth
season) back from the growing tip (Figure
16.1). Note: Some green leaves must be
left below the pruning cuts.
Recommendation
• Light pruning carried out using hygienic
methods (disinfecting secateurs with
methylated spirits) can be used as a
method of increasing production of
B. hookeriana blooms. Note: some
green leaves must be left below the
pruning cuts.
Fencing
Stock and rabbits eat seedlings, compact
the soil, cause soil erosion, can spread
plant diseases and introduce weeds into
the area.
It is strongly recommended that bushland
used for cut flower production be fenced to
exclude stock. Studies have shown that the
general health of remnant bushland
declines if it is grazed. Seedlings of
B. hookeriana are particularly vulnerable to
being eaten after fire.
Recommendation
• Remnant vegetation being managed for
the production of B. hookeriana flowers
should be fenced to exclude livestock
and should not be grazed.
Harvesting
It is recommended that no more than 20 to
30 per cent of blooms be harvested in any
one harvest season. Extensive research
has shown that heavy harvesting of this
species (more than 30 per cent of blooms
taken each year) reduces the general
health of the plant and its capacity to
produce and accumulate seed.
Recommendations
• No harvesting of blooms should occur
before the plants are five years old.
• Harvest cuts should only be on one or
two year old wood with some green
leaves left below the harvest cuts.
• No more than 20 to 30 per cent of
blooms should be harvested from plants
in any one year.
• No harvesting should occur for a year
prior to an area being burnt.
Fertilisers
Fertilisers are generally detrimental to
remnant bushland. Some species, particu-
larly members of the Proteaceae (such as
Banksia and Dryandra) are harmed and
weed invasion is encouraged. Like all
Banksias, B, hookeriana is sensitive to, and
may be killed by, high levels of phosphorus.
Recommendations
• No fertiliser should be applied to
remnant bushland being managed for
the production of B. hookeriana flowers.
• Leaves should be stripped on-site or
returned to the area where possible, for
natural breakdown that returns nutrients
to the soil.
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Disease
Care should be taken not to introduce
Phytophthora root rot and other diseases
into the remnant bushland. Although some
species are resistant to Phytophthora,
other species occurring in the remnant may
be vulnerable.
B. hookeriana is highly susceptible to
Phytophthora root rot. The Phytophthora
pathogen is most often spread in soil
attached to vehicles and on the bottom of
shoes, particularly in moist environments.
Great care must be taken to prevent its
introduction or spread. Harvesting of
flowers in warm wet conditions is
particularly risky for the spread of this and
other diseases which are active in moist
conditions.
Recommendation
• Adequate hygiene measures should be
undertaken to protect remnant bushland
being managed for the production of
B. hookeriana flowers from plant
disease. This can be done by cleaning
machinery, vehicles and footwear
between each stand and disinfecting
secateurs with methylated spirits
between each plant.
NOTE: Check with your local office of DEC
for any updates to this information.
Further reading
Banksias for cut flower production,
Farmnote, Department of Agriculture and
Food, Western Australia 5/91.
Pruning Banksias, Farmnote, Department
of Agriculture and Food, Western Australia
100/94.
Sprigg P, Webb M (1994) A study of the
processed wildflower industry.
Miscellaneous Publication 44/94,
Department of Agriculture and Food,
Western Australia.
Hussey BMJ, Wallace KJ (1993) ‘Managing
Your Bushland.’ Department of
Conservation and Land Management.
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APPENDIX
Other sources of information
There are a number of sources of
information directly relevant to anyone
interested in the flower industry.
Industry magazines
Australian Horticulture
Rosalea Ryan (Editor)
PO Box 254
Moonee Ponds  VIC   3039
editor.austhort@ruralpress.com
Published monthly. General information on
broad range of topics including good
coverage of floriculture.
Floriculture News
Nikki Poulish (Editor)
Department of Agriculture and Food,
Western Australia
Locked Bag 4
Bentley Delivery Centre  WA   6983
npoulish@agric.wa.gov.au
A twice-annual publication that contains
regular updates on research projects being
conducted by the Department and
collaborators.
Australian Flower Industry
Amanda McAuliffe (Editor)
Flower Association of Queensland Inc.
PO Box 327
Cleveland, QLD 4163
amanda@flowersqueensland.asn.au
A quarterly magazine for the Australian cut
flower and foliage industry. Contains
articles on all aspects of native and
ornamental cut flowers and foliage
production and industry issues from across
Australia.
Websites
Department of Agriculture and Food,
Western Australia, has many Farmnotes
and reports: www.agric.wa.gov.au
Other States’ departments may also have
useful information on Banksias and other
Australian native flowers (check the site
from your State).
Australian Flower Export Council
(AFEC) is the peak exporter organisation
involved in promotion and export issues:
www.australianflowers.org
Rural Industries Research and
Development Corporation (RIRDC) funds
research in Australian native flowers and
has many reports: www.rirdc.gov.au
Department of Environment and
Conservation (formerly CALM) is useful
for plants and licences:
www.dec.wa.gov.au (search for flora
licensing)
Market Fresh is a new website promoting
fresh produce including flowers:
marketfresh.com.au
Information services
GrowSearch is a fee-for-service way of
having someone else do your information
searches. They hold a very large database
of information, much of it relevant to
floriculture. You pay an annual fee of about
$110 and for this you can ask them to
search for your particular topic. You tell
them what you want and they do the rest.
The fee provides you with about 150 pages
of material. Contact GrowSearch on
telephone (07) 9821 3784.
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